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ABSTRACT 
This thesis presents research into the possibility of using Failure Modes and Effects 
Analysis (FMEA) as a tool to share diagnostic knowledge between Engineering and 
Field Service. This is achieved by developing a Diagnostic Service Tool (DST) from 
FMEA elements data. Combined with field service information this diagnostic tool 
produced an effective field service centred troubleshooting strategy. This research 
was also aimed at assisting designers in developing diagnostic service tools early in 
the design stage, improving the accuracy of the FMEA and keeping the data updated. 
A system for computerised interactive FMEA generation from FMEA elements has 
been created from the research. An extensive literature review has been carried out on 
the background to FMEA, the current FMEA tools and diagnostic research. An 
object-oriented FMEA model has been adopted and expanded to generate the FMEA 
elements and diagnostic FMP-A. The implementation of an object-oriented FMEA 
environment and the use of FMEA object libraries have promoted the reuse of 
existing information and has increased data availability for the diagnostic tool 
development. The DST is an extended application from the automated FMEA 
generation. It utilizes the existing failure mode data to determine further 
characteristics of parts failure. As a result, a tool in the forrn of diagnostic software is 
created which is practical for real life use. The prototype software was evaluated in a 
field service application using four automatic transmission problem cases. The results 
showed that there was significant difference in repair times between the conventional 
repair manuals and DST. On average the reduction in repair time due to using DST 
was 60.5%. This research has demonstrated that the prototype software is successful 
in providing effective field service centered tools to the Field Service and in turn a 
method of providing feedback to the Designer. Hence, knowledge sharing between 
Engineering and Vield Service can be carried out continuously to provide a significant 
improvement in product lifecycle. 
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Chapter 1 
Introduction 
In the development of modem industrial manufacturing facilities, the focus has shifted 
more and more to issues which are crucial for market success of products in terms of 
yield, quality and reliability. In order to survive with the fierce market competition and 
requirements companies constantly have to change their business strategies and cope 
with new technologies. As a result, a fundamental shift recently is occurring in the 
manufacturing companies away from selling products to providing services. 
Companies such as Rolls-Royce are selling power over a period of years to the airline 
rather than selling an engine. Their aim is to gain highly profitable long-term service 
agreements by 2010 from half of their engine fleet (Harrison, 2006). Companies are 
now focusing directly on the operational aspect in the same way that they have always 
had an interest in the design part of the product life cycle. Due to this market shift, the 
concept, known as Design for Service, is gaining popularity in today's integrated 
operations and concurrent engineering environment. 
1.1 Design for Service Concept 
In general the Design for Service (DFS) concept considers the product serviceability 
issues at the very early stages of product design. It is intended that designers focus on 
the relative likelihood of failure for a specified component or sub assembly in order to 
improve its maintainability. Maintainability is an important aspect of life cycle 
concerns and plays a significant role during the usage phase of a product (Seo and Ahn, 
2003). It is the design attribute of a product or system, which facilitates the 
performance of various maintenance activities, in particular, inspection, repair, 
replacement and diagnosis. These activities for a good maintainable product system, 
according to Wani and Gandhi (1999), should not only be performed as quickly as 
possible but also with optimal personnel and support equipment. Moreover, design 
characteristics of a product or system which facilitate maintainability will be effective 
if due recognition is given to the factors which support system maintenance during the 
usage phase. Thus improving maintainability and maintenance issues early in the 
design stage will not only improve the product, but will also take into account issues 
related to product usage and the capability of service and repair. 
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According to Simeu-Abazi and Sassine (2001), maintenance may be defined as the 
combination of all technical and associated administrative actions, including 
supervision actions, intended to keep an item or system in, or restore it to a state in 
which it can perform its required function. Generally, maintenance can be classified 
into two categories: preventive and corrective maintenance. Preventive maintenance is 
carried out at predetermined intervals or according to prescribed criteria and is intended 
to reduce failure probability or functional degradation of an item. Corrective 
maintenance, which is more closely related to DFS, is carried out after breakdown 
detection and is intended to put an item into a state in which it can perform its required 
function. In order to succeed in this market shift, new products are designed for the 
aftermarket which provide lower and more predictable maintenance costs. Maintenance 
and product support concepts have to be designed and developed right from the design 
phase (Markeset and Kumar, 2003) in order to ensure the desired product performance 
at a reasonable cost. 
Since product design and service delivery both affect service performance, a product 
support strategy must be defined during the design stage. This is true as many aspects 
of support are strongly influenced by a product design (Goffin and New, 2001). 
Furthermore, product support should not only be focused around the product but should 
also take into account important issues such as the service delivery capability of the 
manufacturers, service suppliers and the capability of the user's maintenance 
organization. Basically, the main goal of a service intended to support a product, is to 
ensure the expected function and/or to facilitate the client's access to its function. The 
service function therefore attempts to recover the customer satisfaction to the level it 
was before the occurrence of problems (Gronroos, 2000). Services intended to support 
the customer, are related to improving the customer's accessibility to product function, 
efficient and effective use of it, and retrieval of performance attributes. After-sales 
services are associated with a customer problem, e. g. product failure restoration, 
problem diagnosis, expert assistance to resolve a problem. Therefore, after-sales 
service is a recovery process that attempts to resolve a customer problem, which, if not 
resolved, causes dissatisfaction and a less satisfied customer. 
Although service plays an important role, it is often only reviewed towards the end of 
the design process, by which time it is often too late to make significant improvements. 
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To ensure the greatest influence, aspects such as DFS, must be considered at the early 
concept stages of design, where the major elements of product costs, including whole 
life costs, are determined. Unfortunately, at present these issues typically receive only 
scant attention during product design. However, with the growing recognition of the 
need for cross-functional teams for product development, the consideration of DFS 
issues has become a more viable prospect. 
1.2 Knowledge Re-Use and Sharing 
At the conceptual stages of design, designers have great freedom and the cost of design 
changes is minimal. As the design matures, design freedom is decreased and the 
subsequent costs associated with design changes increase. Therefore, maintenance 
issues should be addressed during the conceptual stages of design, as this is when it is 
the cheapest and easiest to change. The ability to isolate difficulties in maintenance, 
diagnosis and recommend areas of improvement during the conceptual stages of 
product life-cycle design will lead to a more efficient fault isolation process. Thus, 
integration of design and maintenance will encourage sharing of knowledge from the 
latter stages of the product life-cycle to those involved in the earlier phases. This has 
led to efforts being made to capitalize on the knowledge of those working in those 
areas that could be made available to designers in the form of help tools such as 
guidelines (Pahl and Beitz, 1996). 
Generally, according to Blanchard (2001), the product support and maintenance needs 
of systems are more or less decided during the design and manufacturing phase. Thus, 
when designing new products, engineers must increasingly consider the life cycle costs 
in addition to any design requirements. To identify possible areas of concern, designers 
are required to consult existing maintenance information from identical products. This 
will help engineers identify parts most likely to be problematic throughout the 
product's entire life. The performance of the original component will provide a guide 
to future designs, by identifying possible manufacturing or maintenance problems. The 
engineers can re-use the knowledge acquired from previous maintenance records to 
identify parts that are most likely to increase maintenance cost. 
The collected maintenance records can be effectively re-used for the development of a 
new generation of products, but, most importantly, it can be used for changing designs 
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to remove or reduce any critical weaknesses that lead to higher demands on service and 
maintenance. Markeset and Kumar (2003) suggested that previous maintenance data be 
re-used to make prognoses about future maintenance and support needs, and to predict 
when to upgrade, modify or replace the equipment. 
1.3 Diagnostic Systems 
Basically, diagnostics are instruments or techniques for diagnosis. The goal of 
diagnosis is to determine the causes responsible for a set of observed symptoms. No 
remedies can be given to address the observed symptoms if the causes of the symptoms 
are not known. In complex systems such as electronic equipment, chemical processes 
and mechanical systems, diagnosis plays a vital role. The term "troubleshooting" 
according to Stefik (1995), refers to the diagnosis of physical devices such as 
mechanical and electronic systems. Diagnosis is performed when a physical artifact is 
malfunctioning or a person is ill and it is necessary to determine what is wrong through 
reasoning and observation. A fault in a system will lead to economic losses and 
sometimes even human casualty. Therefore, diagnosis must be done correctly and 
efficiently using the correct technique and system. 
Based on the work by Barkai (2001), one area of significant opportunity is to integrate 
design and service information and re-use Failure Modes and Effects Analysis (FMEA) 
information in the construction of diagnostic systems. The model-theoretic approaches 
by Price et al (1995) and more general approaches (Barkai, 1998) have reported 
success in re-purposing FMEA information for diagnostic tool applications. 
1.4 Background and Motivation 
There are many reasons why diagnosis is important in industrial applications. Within 
process industry financial factors are important since unplanned operational stops can 
be very costly, e. g. if the whole production line stops due to a faulty robot. Many 
producers of technical systems provide only limited diagnosis support for their 
products. There are only a few large market segments where producers develop 
sophisticated diagnosis support (e. g., the automotive and aircraft industry). Within the 
automotive industry there are environmentally motivated laws that require all emission 
related components to be supervised for the manufacturer to be allowed to sell the 
vehicle. Basic requirements were introduced in Europe in 2005 (Euro 4) and the next 
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generation will appear in 2008 (Euro 5). For aircraft, it is first and foremost reliability 
and safety related issues that push the development forward. 
Traditionally, diagnosis matters are a concern only to the service division of a 
company, not to the design division. However, as technical systems become larger and 
more complicated, the design of decision trees becomes more demanding and problems 
arise. Furthermore, frequent product changes cause excessive costs for the maintenance 
of diagnosis equipment. Hence there is growing awareness of the need for reusability 
of diagnostic information. Diagnosis equipment should be developed in close 
connection with design and construction data, and FMEA data should be exploited. 
Indeed, representing and sharing engineering knowledge in computer-based model 
libraries will result in a major change and many benefits will stem from such changes. 
As devices grow more complex, the cost of maintenance personnel becomes more 
important and improved service is required to increase customer satisfaction and to 
remain competitive. The importance of diagnosis is constantly growing together with 
the complexity of the technical systems. Often, there is enough computational power 
onboard the devices such as cars, photo copiers, and even simpler consumer products 
for diagnosis purposes. Also expert knowledge exists, as principled knowledge about 
the devices in the heads of designers and developers and as diagnostic expertise of 
maintenance personal. What is needed is computer support for the effective and 
efficient generation of diagnostics, either for automated on-board or workshop 
diagnosis, instructions or actual repair procedures for the field service technicians. 
So far, many prototype systems have demonstrated that there are principled solutions to 
the diagnostic problems in certain application areas. However, most of them remain 
isolated programs that do not reflect and integrate into the actual work processes and 
the tools and techniques applied. To present examples, there exist written diagnosis 
instructions and authoring tools to create and maintain them, and many of today's 
computer tools capture diagnostic knowledge in the form of decision trees or fault 
trees. These techniques have been developed from a maintenance rather than from a 
design perspective. 
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Price and Taylor (1997) introduce the advantages that automated FMEA provides for 
diagnosis and describe its use for generating fault trees from FMEA reports. Another 
recent effort started in February 2000 by the European Fifth Framework project 
'Integrated Design Process for Onboard Diagnosis' (IDD) project pursues the goal to 
formalise and standardise the diagnostic design process and to enable the introduction 
of diagnostics early in the life-cycle. Early reports describe the basic concepts worked 
out within the IDD, which show new solutions for a better integration of diagnosis 
related tasks, such as diagnosis analysis, FMEA and onboard diagnosis design in the 
total design process. In fact according to Barkai (2001), one area of significant 
opportunity to integrate design and service information across internal and external 
automotive supply chains is the reuse of FMEA in formation in the constructing of 
diagnostic systems. 
Despite its great potential, the re-use of FMEA information in the actual process of 
retaining and using it remains a challenge yet to be adequately addressed. The rationale 
for undertaking this research stems from the need to improve the usage of this type of 
information for the designer and field services. The promising approach of 
incorporating in-service product knowledge into the design has yet to be fully utilized 
The proposed approach is intended to help in easily locating, accessing, sharing and 
using the required knowledge so that optimization can be achieved in term of 
execution, quality and maintenance. The early success and the advantages of this 
automated FMEA have inspired the author to look at a similar approach for developing 
a diagnostic application from FMEA elements. 
1.5 Research Focus 
The integrated-design approach, implemented as part of a simultaneous engineering 
methodology (Solhenius, 1992), is recently being preferred to sequential-type design 
models. This integration approach was initially seen as a transfer of knowledge from 
the latter stages of the product life-cycle to those involved in the earlier phases of the 
product life-cycle. (Prudhomme, Zwolinski & Brissaud, 2003). Hence, this has led to 
the development of methods such as Design for X (DFM, DFA, DFE, etc. ) (Boothroyd 
et al., 1994). According to Garro et al. (1996), putting the emphasis on the design 
process will integrate actual knowledge itself and the actors who generate and 
manipulate that knowledge and help it to evolve. However Pawar et al. (1999), argue 
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that this requires the organization of the companies to allow changes for this new form 
of collaboration to take place. Therefore, there must be a method or tools available that 
allow the different actors of the product life-cycle to interact. 
According to Burton (2001), product design is a complex human-solving activity which 
has as its goal the synthesis and analysis of concepts in an effort to produce a physical 
artifact that satisfies a stated need and a set of performance requirements. Product 
diagnosis, in contrast, seeks to develop methods and mechanisms for analysing 
artifacts' failures, with the goal of understanding the root causes of such failure, and 
then restoring the artifact to be fully functioning. Previous research has shown that 
there is a close linkage of information re-use between FMEA, artificial intelligence 
technology and diagnostics. However much of the current research is concentrated on 
specific domain applications. 
Price (1997) in his AutoSteve system has shown that automated generation of FMEA is 
applicable in analysing automobile electrical circuits for diagnostic purposes. Barkai 
(1998) has also proved that FMEA information is able to generate an expert system for 
diagnosis. He proposed that the use of the object-oriented approach and automated 
FMEA will produce an effective diagnostic system. The work by Teoh (2003) has 
shifted the FMEA generation into the conceptual design stage. His method of 
deploying structural, functional modelling and reasoning techniques was able to 
generate process and design FMEA based on limited information. Exploiting these 
methods and the use of the FMEA generation for developing diagnostic models will 
encourage knowledge reuse and sharing. Hence this will provide a method of 
addressing serviceability issues at the very early stages of product design. 
This research will focus its contributions on providing a method of bridging the gap 
between the designer and field service. This is done by developing a diagnostic service 
tool knowledge base by sharing the FMEA knowledge and the field service failure 
information during the early design process. This will provide for knowledge sharing 
and reuse between the two activities and minimize this time-consuming engineering 
activity. 
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Figure 1.1 shows the relationships between the previous and the current research areas 
highlighted in green. Further details of automated diagnostic FMEA generation and 
diagnostic modelling will be elaborated in Chapters 5 and 6. 
Reasaft 
Figure 1.1 
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1.6 Research Aim and Objectives 
The main aim of the research is to show the potential for improving product quality by 
integrating the design and diagnostic tasks. The aim is expressed in a set of specific 
objectives that systematically set the direction of the research as follows: 
* to establish an FMEA model, based on the current research in functional and 
structural modelling for diagnostic failure data generation 
* to generate diagnostic failure data from automated FMEA software 
9 to build a prototype Diagnostic Service Tool based on the generated diagnostic data 
and field service information 
e to evaluate the proposed Diagnostic Service Tool in troubleshooting actual faults 
1.7 Scope of the Research 
In line with the aim and objectives of the research, the scope of this research is as 
follows: 
Knowle4 
b, Lse 
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1) An automated FMEA. generation tool (FMAG) will be used to generate the required 
FMEA data that is further enhanced to generate DFMEA data based on a diagnostic 
FMEA model. 
2) The development of the prototype DST system model is an outcome of a literature 
review and small scale user study. 
3) The development of DST is an extended application for DFMEA that identifies 
suitable actions for part failure. 
4) The identification and action for parts failure is based on the generated DFMEA 
data and field service information. 
5) Evaluation of the prototype in order to verify the DST methodology and validate 
the system model and prototype application. 
A Diagnostic Service Tool (DST) is defined in this research as a knowledge based tool 
of an interaction system that offers the ability to allow users: 
0 to diagnose the KM series (automatic transmission used by Proton, Hyundai and 
Mitsubishi cars) problems that are displayed as "no trouble code" in the existing 
diagnostic tool. "No trouble code" refers to the false answer displayed even though 
there is still a fault with the system that has been diagnosed. 
0 to use the transmission component objects and problem symptoms to retrieve 
recommended actions and repair procedures. 
0 to specify problem detail and create diagnostic tree questions. 
to accumulate and report new problem cases and make suggestions for repair 
action. 
1.8 Structure of the Thesis 
The thesis is organised as follows: 
Chapter I is the introductory chapter which briefly overviews the Design for Service 
concept, knowledge re-use and diagnostic systems. Then the research motivation, 
focus, aim, objectives and the research scope are clarified. 
Chapter 2 reviews the literature relevant to the research area. This includes the recent 
automotive industries FMEA tools, diagnosis, automotive diagnostic, diagnostic 
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approach and concept. Finally, current FMEA and automotive diagnostic research and 
automated FMEA software tools that are used in the research are considered. 
Chapter 3 discusses the development of an FMEA model that is required for FMEA 
generation required in this research, based on a FMAG approach to enable automated 
FMEA generation. 
Chapter 4 describes the work to enhance FMAG software in order to develop the 
proposed DFMAG software requirements, structure, interfaces and the overall process 
design. 
Chapter 5 discusses the DFMEA generation process that is implemented in DFMAG to 
generate the required DFMEA information which is based on the adapted FMEA 
generation framework. 
Chapter 6 describes the proposed DST model based on a small-scale user study, task 
description and use case diagram. This is followed by the low-fidelity evaluation, 
diagnostic tree tool and repair information in the development of the prototype DST. 
Chapter 7 describes the evaluation carried out for DST prototype software evaluation. 
It involves three levels of automatic transmission technicians in actual practical 
situations. This is followed by the validation and the presentation of the results. 
Chapter 8 discusses the knowledge sharing within the product development lifecycle to 
bridge the gap between the field service and the design communities. The research 
achievements and implications are concluded and finally, the limitations of the research 
and pointers to future research directions are discussed. 
There are ten appendices included in this thesis to supply more detailed information 
about certain subjects discussed. 
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Chapter 2 
Literature Review 
This chapter presents a literature review regarding the use of FMEA and diagnostics 
for automotive applications. The earlier section reviews the recent trend of FMEA 
application in the automotive industries, the importance of diagnosis and some 
diagnostic tools applications. This is followed by the approach and research carried out 
in developing diagnostic systems from FMEA generation. Later sections encompass 
the application of the automated FMEA approach and knowledge reuse. It is intended 
that this chapter should give a clear background of recent FMEA applications in 
automotive diagnostic research and development. 
2.1 Failure Modes and Effect Analysis 
Failure Modes and Effects Analysis (FMEA) is the most widely used analysis 
procedure in practice at the initial stages of system development. FMEA has been 
widely standardised, as BS 5760 (1991) in the UK. FMEA was first proposed by 
NASA in 1963 for their obvious reliability requirements and in 1977, it was adopted 
and promoted by the Ford Motor Company. The Ford procedure extended the FMEA 
methodology in the automotive sector to assess and prioritise potential process and 
design related failures. Since then, it has been extensively used as a powerful tool for 
safety and reliability analysis of products and processes in a wide range of industries 
particularly, aerospace, nuclear and automotive (Ebeling, 2000). FMEA is usually 
performed during the conceptual and initial design phases of the system in order to 
assure that all possible failure modes have been considered and that proper provisions 
have been made to eliminate all the potential failures. The purpose of the analysis is to 
highlight any significant problems with a design, and if feasible, to modify the design 
to avoid these problems. 
In general FMEA is a methodology to analyze and discover: 
all potential failure modes of a system, 
the effects these failures have on the system and 
how to correct and/or mitigate the failures or effects on the system. 
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The correction and mitigation is usually based on a ranking of the severity and 
probability of the failure. The uses of FMEA can be categorised as Short and Long 
Term use. For Short Term it is used to identify the critical or hazardous conditions, 
potential failure modes, need for fault detection and effects of the failures. For Long 
Term, it is used to: 
a) aid in producing block-diagrarn reliability analysies 
b) aid in producing diagnostic charts for repair purposes 
C) aid in producing maintenance handbooks 
d) design built-in test (BIT), failure detection & redundancy 
e) perform analysis of testability 
d) retain formal records of the safety and reliability analysis, to be used as evidence 
in product safety litigation 
Figure 2.1 shows the general procedure suggested by Teng and Ho (1996) and figure 
2.2 shows the complete system engineering FMEA suggested by Nasa Lewis Research 
Centre (2000). Although there have been many variations in FMEA, the terminology 
used throughout the years has been maintained (Pillay and Wang, 2003). 
Some of the common terms used in FMEA include: 
a) Failure modes 
Failure modes are sometimes described as categories of failure. A potential failure 
mode describes the way in which a product or process could fail to perform its desired 
function (design intent or performance requirements) as described by the needs, wants, 
and expectations of the internal and external customers/users. Examples of failure 
modes are: fatigue, collapse, cracked, performance deterioration, deformed, stripped, 
worn (prematurely), corroded, binding, seized, buckled, sag, loose, misalign, leaking, 
falls off, vibrating, bumt, etc. 
b) Potential cause(s) of failures 
This is a list conceivable potential cause(s) of failure assignable to each failure mode. 
The causes listed should be concise and as complete as possible. Typical causes of 
failure are: incorrect material used, poor weld, corrosion, assembly error, error in 
dimension, over stressing, too hot, too cold, bad maintenance, damage, error in heat 
treat, material impure, forming of cracks, out of balance, tooling marks, eccentric, etc. 
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Figure 2.1 FMEA Procedure (Teng and Ho, 1996) 
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Figure 2.2 System Engineering FMEA (NASA Lewis Research Center, 2000) 
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c) Severity. 
Severity is an assessment of how serious the effect of the potential failure mode is on 
the customer/user. An effect is an adverse consequence that the customer/user might 
experience. The customer/user could be the next operation, subsequent operations, or 
the end user. 
Barkai (1998) concludes that FMEA is a design discipline and a quality-planning tool 
used to investigate the sources and the consequences of failures on the operation of a 
system. According to Price et al (1995), the qualitative and quantitative characteristics 
of the FMEA elements are also suitable for diagnostic applications. Several researchers 
have revealed the use of FMEA in various design and production process applications. 
Hsiao (2002) applied both quality function deployment (QFD) and FMEA in a new 
product development process. Linton (2003) showed the use of process mapping and 
FMEA for the design of services and process in e-commerce. Davidson and Labib 
(2003) integrated a modified FMEA into an analytic hierarchical process for design 
improvement. Parkinson and Thompson (2004) presented the use of FMEA in the 
planning and execution of product remanufacture. 
2.2 FMEA in Automotive Industries 
FMEA is specified as a part of the quality system in QS-9000 which is an automotive 
version of ISO-9000 (QSA, 1998; AIAG, 1998). The automotive original equipment 
manufacturers (OEMs) use FMEA in the design process for most part designs and 
require their suppliers to submit FMEA as part of product approval documentation 
(Dale and Shaw, 1990; Ford Motor Company, 1989; AIAG, 1995; SAE, 2002). A 
proper FMEA implementation can assure OEMs of their suppliers' accomplishment of 
all quality and reliability requirements. Performing FMEA requires teamwork, 
management support, product and process knowledge, sufficient time for thorough 
discussion and money. Hence companies are utilising FMEA results in design and 
production to make the entire system cost effective and to gain the most benefits from 
the investment in the FMEA activities. 
In addition to the cost-effectiveness reason, there are other reasons for companies to 
invest manpower and efforts in the development of the FMEA report. Dale and Shaw 
(1990) conducted a survey to investigate the reasons why UK Ford Motor Company's 
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suppliers use FMEA. The main reason for the majority of these companies for having a 
FMEA procedure was the mandatory requirement of their customers. The same 
circumstance exists in the US automotive industry. Teoh (2003) added that FMEA has 
been widely used around the world which is either due to the aspiration to improve the 
product quality or just to fulfil statutory requirements. However, a good use of the 
FMEA report can provide automotive companies with several benefits such as higher 
product reliability, less design modification, better quality planning, continuous 
improvement in product and process design, and lower manufacturing cost, in addition 
to fulfilling customer requirements. 
2.3 Recent FMEA Tools used by Automotive Industries. 
FMEA is an extremely tedious and time-consuming process because it demands 
detailed and systematic examination of the operation of all aspects of the design. 
Automation of the FMEA process could make it a much more rapid process, with the 
potential for companies to save significant expense, and also for competent designers 
to be freed for other tasks. However, automation of the reasoning involved is not 
simple, because it is necessary to reason at several different levels when performing 
FMEA. 
Recent FMEA commercial software packages have provided users with information 
guidelines needed to perform- FMEA. Most of the clerical workload load has been 
automated in order to enhance the process and provide increased FMEA usability. The 
following sections describe the most recent FMEA tools used by the automotive 
industries. 
2.3.1 Byteworx FMEA Software (2005) 
Byteworx FMEA Software is the current FMEA Third Edition version which adheres 
to the conventions of SAE J-1739, the AIAG. It is used by Ford engineers around the 
world and by many other companies. The tool is mainly used in developing and 
maintaining Failure Modes and Effects Analysis documents that can be reviewed and 
audited. It is able to analyse high-criticality items and make suggestions for follow 
through actions. The software Auto Help function assists the user with the underlying 
principles and standards-compliant rules. The Post-Work Checklist acts as a reminder 
of important FMEA close-out and follow-up activities. The FMEA software also 
15 
provides a full set of visual and reporting tools to assist in assessment both during and 
after primary FMEA development with built-in rating tables for selection of Severity, 
Occurrence and Detection. 
2.3.2 LEAP from Reliability Center, Inc. (2005) 
The LEAP software tool uses the probabilistic data (basic Failure Modes and Effects 
Analysis) or historical data (Opportunity Analysis) to identify the "could" or "did go 
wrong" in any process and applies values to measure the impact on an organisation. 
The software provides its users with j ustif ication for ranking the priority of undesirable 
events, when allocating valuable and scarce resources. LEAP assists users to organise 
the analysis, the appropriate required data input in developing the report and is also 
able to maintain all analysis data when needed. It justifies which events are most 
qualified candidates for Root Cause Analysis in a quantitative manner and can also be 
use for Risk, Safety, Production, Maintenance and Business issues. 
2.3.3 Easy-FMEA from Retriever Technology (2005) 
This software is a tailor-made FMEA program and conforms to most industry standards 
including QS9000. It is mainly a simple risk analysis improvement tool which prepares 
design and process FMEA documents. Users can create, edit, store, preview and print 
failure modes and effects analysis documents with a facility to create a read-only 
adobe. PDF file. 
2.3.4 SCIO from PlanTech Incorporated (2003) 
SCIO software is used for authoring and document management for FMEA, control 
plans, process flow diagrams and engineering database tools. It consists of a relational 
database which assists users in the early detection of potential failures. When combined 
with PlanTech software it can be used for Design Review Based on Failure Modes 
(DRBFM), a methodology which has been developed by Toyota. In process FMEA the 
software can systematically identify and rank each potential risk of failure for each 
process step and enable the review of the product's functionality and characteristics. It 
uses the standard column worksheet form, as specified by the AIAG. 
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2.3.5 AutoDCP FMEA Software from Customer Driven Systems, Inc. (2001) 
AutoDCP software is a keyboard-free type of industry standard quality documents 
which is used for Process Flow Diagram, Design FMEA, Process FMEA and Control 
Planning. It enables fast implementation of engineering changes, line-balancing and 
process reengineering. The FMEA software bridges the Design FMEA with the Process 
FMEA to Corrective Actions. It also uses specific documents which include Honda and 
Toyota formats that conform to QS-9000 Revision 3 for Process FMEA. The AutoDCP 
utility functions enable automotive suppliers to convert old FMEA documents to the 
new Revision 3 standard. Currently the software is mainly used by the automotive 
supplier known as Tower Automotive whose products include body structures and 
assemblies, suspension modules and systems, Class A surfaces and modules, and lower 
vehicle structures. Tower's customers include DaimlerChrysler, Fiat, Ford, General 
Motors, Honda, Isuzu, Mazda and Nissan. 
2.3.6 Discussion 
In general the recent commercial FMEA software packages used by the automotive 
industry have provided easy-to-use tools for developing and maintaining FMEA 
documents which conform to most industry standards including QS9000 and AAIG. 
The available software is able to assist engineers in performing clerical tasks, such as 
forming tables and filling in data. Although most of the software is able to assist 
engineers in the early detection of potential failures and control plans, the provision of 
expertise and knowledge to support FMEA is still a manual and a labourious process. 
To ensure the successful implementation of FMEA, OEM designers need to understand 
the problems occurring in their current FMEA practices and actual failures faced by the 
field service and maintenance. There should exist constant communication, transferring 
proper documents, sharing necessary information, and continuous monitoring of the 
FMEA process in order to meet the quality requirement and to reduce the problems 
caused by the upstream parts/systems/process design. 
In summary, the current tools are created as clerical assistance, document management 
and to meet the quality requirements. Although there are control plans and corrective 
action in the implementations to assist in the design stage, they are not capable of 
providing fully automatic FMEA generation. Furthermore, the systems are not 
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designed to communicate with actual field failure and are not a communication tool 
between the designers and the field services. Hence, there is still a gap existing 
between the OEMs and designers to ensure product quality especially in the aspect of 
design and service issues. Thus a design and service tool or a more intelligent system is 
vital to get the full benefits out of the FMEA information to uncover the actual product 
failures at the usage phase of the product life-cycle. Research in the use of FMEA 
infori-nation has been carried out to re-use this type of knowledge for diagnosis 
applications. 
2.4 Diagnosis 
Generally diagnosis is an investigation or analysis of the cause or nature of a condition, 
situation or problem, e. g. diagnosis of engine trouble. Diagnosis can also be a 
statement of conclusions from such an analysis. Diagnosis of an engineered system 
may be defined as the process of identifying the part, assembly or subsystem whose 
disoperation explains the system's abnormal behaviour. 
Isolation is a process that typically follows diagnosis and is the act of isolating the 
newly discovered faulty components, so that the unaffected part of the system can 
resume normal operation. The last step is called recovery, where the faulty components 
are exchanged for new ones that will restore the system's behaviour back to normal. 
The combination of these three steps is normally called Fault Detection, Isolation and 
Recovery. 
2.4.1 Fault Diagnosis 
A fault may be defined as a non-permitted deviation of a characteristic property which 
leads to the inability of a system to fulfill an intended purpose (Patton, Frank and 
Clark, 2000). Faults arise for a number of reasons, including incorrect design, 
installation, and operation of systems, in addition to aging, wear, and corrosion during 
normal operation To detect a fault, a decision must first be made based on the fact that: 
(either something has gone wrong or everything is fine' (Chen and Patton, 1999). 
Once a fault within a particular system has been detected, it is advantageous to 
determine the source or location of the fault. According to Frank (1993), the technique 
of locating a fault is commonly known as fault isolation. The term fault detection and 
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diagnosis (FDD) is generally considered as consisting of both fault detection and fault 
isolation. 
Fault detection and isolation techniques are used to detect different types of faults 
(Atherton and Borne 1992). According to Gertler (1998), fault locations can be 
distinguished as sensor faults, actuator faults, computer/controller faults and physical 
component faults. Many different types of FDD systems have been developed as a 
result of the fact that no particular technique is capable of detecting every type of fault 
(Leitch 1993). According to Patton, Frank and Clark (2000), FDD systems can be 
grouped into model-based techniques, knowledge-based techniques and those that do 
not fundamentally fit into either the model or knowledge-based categories and are 
commonly known as signal processing techniques. 
A knowledge-based system can be regarded as a collection of facts, rules, inferences, 
and procedures (Atherton and Borne, 1992), which when combined will produce the 
information required to solve a variety of problems. In the case of a knowledge-based 
FDD system, faults can only be isolated once the relevant information applicable to a 
system has been collected and fed into a computer, and the constructed knowledge 
subsequently tested (Brandt and Hitzmann 1994). The testing strategies can, for 
example, incorporate qualitative models to predict the behaviour of a process during 
both normal and faulty operating conditions. 
As a whole, knowledge-based FDD systems can be classified into four categories (Petti 
et al 1990): 
a) Shallow knowledge systems generally consist of information that is not represented 
by mathematical modelling. 
b) Peep knowledge systems incorporate various mathematical models in order to 
detect and diagnose faults. 
c) Compiled knowledge systems utilise rules (derived from deep knowledge). 
d) Rule-based knowledge systems derive the necessary rules from a combination of 
both shallow and compiled knowledge. 
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2.4.2 Importance of Diagnosis 
Efficient diagnosis is becoming important today as it increases safety and reliability 
and this will lead to improved product service and maintenance. Since diagnosis is very 
time-consuming and advanced to perform manually, ways of accelerating diagnosis are 
needed. In order to produce competitive products, the safety, reliability, and 
perfon-nance will need to be continuously improved. Often when technical products are 
improved, the systems are divided into a larger number of components where each 
component has a more specialised function. Increasing the number of components and 
increasing specialisation leads to increased system complexity. Hence, this will 
increase the needs for diagnosis and the availability of diagnosis will also need to be 
increased. 
Today many technical systems have reached the limit where no man can overview the 
entire system. To diagnose a system of this type is a delicate task that requires good 
system knowledge. Since the engineers are not able to know all about the systems, 
manual diagnosis becomes ineffective or even impossible. Hence, the engineers need a 
type of method or tools to support the drawing of correct conclusions. 
One of the methods to overcome the deficiencies is to have a diagnostic system which 
supplies information to support diagnosis, or even better supplies the diagnosis 
procedures directly. Large computation ability will thus be a condition for this type of 
system. Another factor that has made diagnosis important is that computation capacity 
has increased dramatically in the last decades. Computers have low production costs 
and are used in almost every technical system. Since there already exists processors for 
control purposes in many products and little extra hardware is needed to implement 
diagnostic systems. 
2.4.3 Diagnostic Systems 
Diagnostic systems are among the most successful applications of knowledge-based 
systems technology. However the effectiveness of the applications depends on several 
factors. According to Price (2000), there are a number of important factors to consider 
when developing an effective diagnostic system. The diagnostic system should have 
9 efficient construction 
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" reasonable maintainability 
" adequate coverage 
" correct answers 
" minimum effort from the user 
" appropriate response time 
" good cost / benefit ratio for diagnosis. 
There are many ways in which engineers have represented diagnostic tasks in 
developing diagnostic systems. A common way is to divide the diagnostic task into two 
tasks (Krysander, 2003). The first is to detect the symptoms and the second is to find 
which fault has occurred. One way is the use of diagnostic fault trees (Price, 2000) to 
describe troubleshooting procedures that are already in a format understandable to 
engineers who spend their days performing diagnostic tests. However, in field service 
and repair garage practices, the diagnostic logic tree, commonly known as diagnostic 
tree is much more preferred. The service technician will normally devise his 
troubleshooting strategy using this diagnostic tree methodology. 
2.4.4 Automotive Diagnosis 
Recently, car manufacturers and their suppliers are facing increasing- challenges to 
matters related to fault diagnosis during the product life cycle. The common 
automotive system consists of mechatronic, mechanical and hydraulic systems. 
Failures can occur unexpectedly during operation time with the consequence of 
unexpected downtime and reduced availability of vehicles. 
Maintenance for many of these components is done on a regular basis so that in many 
cases working components are replaced, even if this is not necessary. On the other hand 
components which will have a short life-time are not detected, which may lead to 
unexpected downtimes and potentially dangerous situations. Hence, with efficient and 
correct diagnosis the prevention of perceivable damage or faults of components and 
systems will be forseen before they occur. This will allow for repairs to be carried out 
in time. Maintenance activity should have shifted from a regular basis to an 'as needed' 
basis. 
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In order to cope with these challenges, the garage workshop staff should be given more 
training and assistance to make correct diagnoses. A recent study conducted by the 
Service Technician Society of SAE reports that 53% of the surveyed technicians 
indicated that they do not have sufficient resources to maintain vehicles (Barkai, 200 1). 
Of those, 50% indicated that the most critical resource is information, whereas only 
14% required additional tools. This is true when for example electronic control units 
are often replaced, but when examined by manufacturer, no fault is found (Struss, 
2002). 
According to Barkai (2001), diagnostic practices and tools that were adequate through 
the 80's will not serve companies well in the coming decade, as diagnostic delivery is 
going to be an increasingly significant challenge. The industry and academic 
community must re-think the current practices for developing and sustaining diagnostic 
and service information, and develop enterprise level diagnostic knowledge 
management strategies that are driven by service technician needs and vehicle lifecycle 
behaviour. 
Diagnostic engineering is typically an ad-hoc activity tucked at the end of the vehicle 
design phase, and is disconnected from the design of the diagnostic performance 
support tools for the service technician typically at a much later stage (Barkai, 2001). 
Instead, the recent trend shows that the engineering community continues to extend 
OBD to deliver a wealth of information. However, no tools are made available to 
reduce this information overload and assist the technician in the field services. 
2.4.5 FMEA and Diagnostics 
Early efforts were made by Price et al (1995) in the Flame system to link FMEA and 
diagnostics. Despite this effort, one of the challenges in utilising FMEA for field 
diagnosis is the fact that it deals primarily with design documents, conceptual models, 
early prototypes and focuses on design artifacts (Price, 2000). FMEA assumes that, 
under ideal circumstances, all failure effects are addressed and fully rectified during the 
design and engineering phases. Field diagnosis deals not only with design 
inadequacies, but also with physical variations and natural mortality. However, the 
work by Barkai (1998) has shown that the results of the FMEA can be used to develop 
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and produce an efficient diagnostic system. The results from FMEA for the production 
of diagnostics has a number of significant advantages (Price, 2000), including: 
e The diagnostics are based on information provided by design engineers, and the 
effect of component failures will have been validated by design engineers. This 
provides a much closer link between design and diagnosis than is often the case in 
large corporations. 
e Much of the effort of producing the diagnostics is automated. Generation of fault 
populations and much of the work of ordering the populations can be done by 
software. 
e Techniques for dealing with design changes efficiently can be applied to the 
production of diagnostics and greatly reduce the effort of producing diagnostics 
for different variants, and correct diagnostics as systems evolve through different 
versions. 
2.5 Current Tools for Automotive Diagnostic Application 
There are various types of specific diagnostic tools produced by different car 
manufacturers throughout the world. Amongst these are the KTS diagnostic series used 
by Mercedes-Benz, Proxia by Citroen, Diag 2000 by Peugeot, IDEA by Fiat and many 
others. The Malaysian National cars, namely the Proton and Perodua, which are 
manufactured for the local market and exported into the European countries, also have 
their own diagnostic tools. 
Unfortunately, it is found that the current diagnostic tools used by Proton and Perodua 
service centres are concentrated more on fault diagnosis or detection and not 
effectively on fault isolation. This is because the current diagnostic tools do not provide 
the actual repair procedures for the detected fault. The author's experience through 
involvement with workshop staff training has shown that they are facing serious 
difficulties in isolating the faults in a timely and correct manner. The following sub- 
section will review and discuss the diagnostic tools provided and used by these Proton 
and Perodua Service Centres. 
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2.5.1 Proton Diagnostic Tool 
There are two types of diagnostic tools used currently by Proton Service Centres. They 
are the Mitsubishi Unit Testers commonly known as MUT I and 2. These diagnostic 
tools are used to diagnose Proton Persona cars (export model) or the Proton Wira (local 
version) for both four and six cylinder engines. The recent car model series like Proton 
Waja uses the Proton Diagnostic Tool (PDT). 
Both of these diagnostic tools are mainly used for detecting faults in engine 
management and fuel injection systems. They are also used to detect electrical and 
electronic faults in automatic transmission, anti lock braking systems (ABS) and 
airbags. The diagnostic scanner screen will display the trouble code for any faulty 
system or components. Based on the trouble code, the technician will have to search in 
the repair manuals for any required service, repair or parts replacement. The manual 
gives a guide with the possible troubleshooting action to the possible cause and the 
related parts involved. However, there are no repair procedures available for a specific 
repair action to be taken, to ensure the faults are correctly isolated. 
2.5.2 Perodua Diagnostic Tool 
Currently, the Malaysian second national car, Perodua uses only one type of hand held 
diagnostic tool called DS 21. This diagnostic tool serves the same purposes as 
illustrated by Proton diagnostic tools. The same function as the Proton MUT's and 
PDT tools, the screen will display the trouble code and the technician will need to 
resort to the manual for any service or repair required. It does not assist in repair action 
and specific repair procedures are not available to quickly and correctly isolate the 
faults. 
2.5.3 Discussion 
In summary, the current tools provided by the Proton and Perodua car manufacturers 
are unable to isolate most of the detected faults. The author's workshop experience in 
service and repair is that there are numerous complaints and high breakdown times 
especially concerning on the automatic transmission for both models. Recently in 2005, 
Proton manufacturers stopped the production of one of the car models, due to 
numerous customer complaints, especially the automatic transmission system. 
Although the Proton is adopting the Japanese Mitsubishi system, in most cases the 
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service technicians are unable to isolate the cause and they instead resort to used 
Japanese parts for replacement to save time and spend much time referring to the repair 
manuals. 
Hence, a supportive diagnostic service tool is an urgent need to overcome this 
transmission problem. The field service tool should be able to support the service 
technician to diagnose, repair and isolate the fault correctly. This tool should provide 
them with reference to the actual fault cases and remedy actions. 
This situation has prompted the author, to develop a diagnostic service tool in this 
research to fill this vital gap faced by the workshop staffs. Based on the major 
problems faced by this Malaysian National car manufacturer, the author will use the 
readily accumulated knowledge in automatic transmission and design FMEA tools to 
create the supportive tool. 
The following sections will review the current diagnostic approach, concepts and 
software development to get a clear methodology background in order to develop the 
proposed diagnostic service tools. 
2.6 Diagnostic Approach and Concepts 
Recently, the model-based diagnostic approach to diagnosis represents a conceptual 
shift from the first generation of diagnostic expert system. In general, this type of 
model describes the structure of components and their connections down to the 
components of a subsystem. 
2.6.1 Model Based Reasoning 
Model-based reasoning (MBR) is an inferring process which uses the models 
abstracted from the reality of a physical system. According to Hunt (1999), the key 
feature is that a model is maintained which mirrors the important features of the 
domain. Basically, MBR is a symbolic processing of an explicit representation of the 
internal working of a system in order to predict, simulate and explain the resultant 
behaviour of the system from the structure, casualty, functional and behaviour of its 
components. Any computer system developed by using MBR techniques is broadly 
called a model-based system. 
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Model-based systems and qualitative reasoning can be used by engineers who intend to 
design, analyse, simulate, diagnose, monitor and maintain a physical system. These 
techniques can significantly improve the efficiency of solving engineering problems. 
Models that are validated for a category of system can be used in many scenarios. They 
can be reused in the design, analysis, simulation, diagnosis and prediction of a 
technical system. 
2.6.2 Model Based Diagnosis 
Model-based diagnosis (MBD) is one of the main application tasks for model-based 
reasoning. It consists of diagnosing a physical system starting from a non-numerical or 
qualitative model explaining the behaviour of the system itself. It can exploit models of 
the structure, function and behaviour of the system to be diagnosed. 
According to Chittarro and Ranon (2004), the main advantages of the model-based 
approach over traditional approaches (rule-based) to diagnosis include the following: 
* The MBD approach is capable of exploiting the model to hypothesize faults 
which were not explicitly foreseen by the model builder. 
e Models for MBD are often organized in a modular fashion to make it easy to build 
and reuse libraries of individual components. 
* The MBD approach opens up the possibility of using system specifications and 
design directly as input knowledge for the diagnostic engine. 
* An MBD "engine" (software process) can use the fundamental knowledge 
contained in the model to explain how a hypothesized fault results in the observed 
symptoms. 
* Once the MBD "engine" has been developed, one need only change the model in 
order to reflect changes in the system to diagnose. 
2.63 Research within Model-Based Diagnosis 
According to Krysander (2003), there are two research fields that developed MBD 
independently. They are the artificial intelligence and the fault detection and isolation 
communities within control theory. There has been various research carried out within 
the MBD approach. In general, the artificial intelligence community uses diagnostic 
models to describe the behaviour of each component and their interconnections by 
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observing the inconsistency of the system description. The fault detection and isolation 
diagnostic models are often of a state-space form and detect the inconsistencies in 
parameter values or unknown signals. In general the model-based diagnostics are well 
presented in artificial intelligence research and are more significant in developing a 
practical based diagnostic tool. 
Model-based fault diagnosis has received much attention during the 90's (Frank, 1993, 
Patton, 1994). Pfeufer (1997) developed a model-based symptom generation for fault 
detection and diagnosis for automotive actuators, based on a continuous-time 
parameter-estimation approach. This has shown the development of an automatic 
diagnostic device specifically for electromechanical throttle valve actuators. Recently, 
the functional representation approach has become a growing sub-area of the model- 
based diagnostic approaches. The work in functional reasoning and modelling attempts 
to address the problems by using functional knowledge to reduce the combinatorial 
computational complexity and at the same time retaining completeness (Abu Hanna et 
at 1991). Alexander et at (1995) in their work developed a new functional approach of 
diagnostic reasoning, whereby a diagnostic model of a device or system is defined 
concurrently with the design at the design stage of the device or system. 
In the design process of any significant complex systems, it is very common to see that 
diagnostic issues are usually taken into account only at the end of the process, and are 
not integrated with the rest of the process. In particular, during the critical phases of the 
design process, when the actual architecture of the system is conceptualised, the control 
strategies which outline the entire development process, including performance 
specification and maintenance are defined and models or prototypes of the system are 
simulated, diagnostic issues are not taken into account. This means that the diagnostic 
software is not developed together with the control strategies or software used in the 
design process. More critically, issues such as the diagnosis of the system being 
designed or the analysis of the FMEA, which is very useful to discover safety critical 
faults or failures, are seldom and only partially considered. 
Hence, the proposed diagnostic model in this research will be based on this new 
dimension of the functional approach to diagnosis by presenting a prototype diagnostic 
service tool developed concurrently with design activity. 
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2.6.4 Modelling and Reasoning 
Modelling and reasoning are two concepts that are widely used in both diagnostic and 
FMEA research. A model may represent a system, an object or a problem constructed 
for the purpose of analysis (Kusiak, 1999). In order for a model to be used as a 
simulation tool the model should represent the reality as closely as possible. According 
to the Cambridge International Dictionary of English, a model is "a representation of 
something, either as a physical object which is usually smaller than the real object, or 
as a simple description of the object which might be used in calculations. " and to 
reason is "to try to understand and to make judgments based on practical facts. " Hence, 
modelling is a process of transferring the concept into a type of representation and 
reasoning is to make decision based on the facts or information available. 
2.6.5 Functional Model 
A functional model is used to verify the performance of the design in various operating 
environments. Since a functional model describes the intended function of a system, 
this functional model will enable engineers to evaluate designs early in the 
development process, while it is still cost-effective to incorporate changes. The 
functional model consists of two main components: function and behaviour. To better 
understand the design, the function can be further decomposed into sub-functions 
through function analysis. The function of a system provides the design intent, whereas 
the behaviour describes how the structure of an artifact achieves its function (Gero et 
a], 1991 and Russomanno, et al, 1993). 
2.6.6 Structural Model 
A structural model is defined as "the components that make up an artifact and their 
relationships" (Gero et al, 1991). It refers to the configuration of the product or system. 
It contains the information of all the components, entities, sub-process or sub-system, 
and the interactions among them that make up a useful structure for an intended 
purpose. A structural model may refer to a physical assembly of a mechanical or 
electrical product (such as a car, an engine or an electrical circuit) or a software 
configuration. 
Qualitative Models are used to capture the fundamental behaviour of a system or 
mechanism into a computer model. These models are defined by abstract, imprecise, 
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vague and incomplete expressions. Methods such as abstraction and approximation are 
often used to build models based on qualitative rather than numerical aspects of a 
system. 
Qualitative Reasoning is the branch of Artificial Intelligence research that concerns the 
modelling of physical systems and phenomena using imprecise or low resolution 
information (Weld and de Kleer, 1990). A major goal is to create tools that automate 
some of the engineering reasoning necessary in tasks such as design analysis, 
diagnosis, control, interpretation and exposition. It is an inferring technique using 
qualitative models to derive new knowledge and gain insight into a physical technical 
system. It can generate an approximate solution to a given engineering problem. It 
applies production systems in a qualitative manner and uses other knowledge based 
methods such as constraint networks and ontologies during its reasoning process. This 
method is an approach closer to human being's thinking and reasoning. One of the 
main benefits of qualitative reasoning is that it is possible to use an approach which 
provides an approximate solution to a given problem when all necessary detailed 
precise information is unavailable. 
2.6.7 Generic Functions 
Generally, there are two types of generic functions commonly used in engineering and 
Al research. The first type is the generic functions built in a language to be interpreted 
by the computer or agents (Chandrasekaran and Josephson, 1996 ) which is used in Al 
research and also used in engineering design. The second type originated from 
engineering design methodologies (Pahl and Beitz, 1996; Hitrtz et al, 2001). Thus, it 
provides a more natural language like syntax while maintaining some standardised 
terminology. Even though they may have a very high level generic function, all 
subsequent functions are created on demand, even if a functional ontology can be 
created around the main functions. Hence, there is no standard list that can be used as 
the functional basis for a specific application. 
Hirtz et al (2001) developed a comprehensive list covering a wide range of applications 
in design and manufacturing. In addition to the generic functions, they also provided a 
set of standard flows based on the energy, material and information categories. It 
represents reconciled efforts involving previous lists from the American National 
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Institute of Standard and Technology (NIST), two universities and their industrial 
partners. Teoh (2003) in his work adapted the Hirtz functional basis in order to develop 
the generic functions required in his case studies as shown in table 2.8. However, he 
made some modifications to ensure that the terms used are tailored to his applications. 
Table 2.1 Generic Functions (Teoh, 2003) 
Class Active Passive Description 
Branch separates separated from to separate an operand into components in the forms which 
are distinct from the original 
divides divided from to separate an operand into components in the same form 
as the original operand 
extracts extracted from to forcefully pull out 
removes removed from to take away a part of operand from the original 
distributes distributed to to cause operand to break up 
Channel inputs input to to bring an operand from outside into the system 
outputs output from to send an operand from the system out 
carries carried to to carry and move together with an operand from one place 
to another 
transports transported to to move a material from one place to another (no fixed path) 
transmits transmitted to to move energy or signal from one place to another (no 
fixed path) 
guides guided to to direct a material with specific path 
conducts conducted to to direct signal or energy with specific path 
conveys conveyed to to fix the movement in linear direction 
rotates rotated to to fix the movement around an axis 
constrains constraint to to constrain the movement into a few DOF 
Connect joins joint to to bring together two or more operands, but they can still be 
distinguished from each other 
assembles assembled to to join with a predetermined manner 
links linked to to couple two or more operands with an intermediate 
operand 
mixes mixed with to combine two operands into a single homogeneous mass 
Control 
Magnitude 
actuates to enable an operand to commence an action based on a 
control signal 
regulates to ad ' 
iust the operand based on a control signal 
increases to enlarge an operand in response to a control signal 
decreases to reduce an operand in response to a control signal 
changes to adjust the operand in a predetermined manner 
amplifies to enlarge an operand in a predetermined manner 
reduces to reduce an operand in a predetermined manner 
shapes to mould or form an operand 
conditions to render an operand appropriate for the desired use 
stops to cease an action of an operand 
prevents prevented from to keep the operand from happening 
shields shielded from to restrain an operand, a portion of operand is till continue 
to transfer 
Protects protected from to protect the operand from something 
Convert generates generated to to change from one form to another 
Provision stores stored to to accumulate an operand 
contains contained in to keep an operand within limits 
collects collected to to bring operands together 
supplies supplied to to provide an operand from storage 
Signal senses sensed by to become aware of an operand 
recognise recognised by to identify an operand 
measures to determine the magnitude of an operand 
indicates indicated to to make known about an operand 
tracks to observe and record data from an operand 
displays to reveal something about the operand 
processes to submit information for a process 
Support stabilizes to prevent an operand from changing course or location 
secures secured to to firmly fix an operand 
positions 
_ 
positioned to to hold an operand in a specified location 
Non Standard interacts with to provide an effect through an interaction with the oper 
ýd 
Function fbnns 
a 
to contribute to the formation of a new operand 
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2.6.8 System Development Lifecycle Models 
System Development Life Cycle (SDLC) methodology is the overall process of 
developing information systems through a multi-step process from investigation of 
initial requirements through analysis, design, implementation and maintenance (Kay 
2002). Although there are many different SDLC models and methodologies, each, in 
general, consists of a series of defined steps or stages which are intended to 
complement each other. 
ne system development Lifecycle model for interaction design proposed by Preece et 
a]. (2002), offered a flexible and transparent way for interactive user interface 
development. There are four basic activities in the Lifecycle interaction design model 
(Preece et al. 2002): 
a) Identifying needs and establishing requirements. 
b) Developing alternative designs. 
c) Building interactive versions of the designs. 
d) Evaluating designs. 
In the first activity, identifying needs and establishing requirements is used to 
understand as much as possible about the users and their requirements. In an attempt to 
meet the needs and requirements that have been identified, alternative designs are 
generated. Then interactive versions of the designs are developed and evaluated. From 
the evaluation activity, it may be necessary to return to identifying needs and 
requirements, or it may be possible to go straight into redesigning activity. The 
development ends with an evaluation activity that ensures the final version meets the 
usability criteria. Hence, the Lifecycle model for interaction design was deemed most 
relevant to the design and implementation of the prototype DST soflware. 
2.6.9 User Interface 
The user interface is an important component of information retrieval systems because 
it connects user and computer and allows interaction for users of the organised 
information resources (ChowAhury, 2004). Most Interfaces assume an interaction cycle 
consisting of query formulation, retrieval and inspection of retrieval results, and then 
either stop or reformulate the query until a suitable result set is found. Based on 
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Shneiderman and Plaisant (2005), an interface design framework for the information 
retrieval process may include the following phases: 
a) Fonnulation 
Formulation is triggered by an information need and several decisions are made 
regarding what to search for and the search variants. 
b) Action 
In the action phase, usually a search button needs to be pressed to conduct the 
search process. 
c) Review of the result 
The third phase is the review of the results, in which users read messages and view 
results set by selecting some available output attributes such size of the display and 
sequencing of the retrieved items. 
d) Refinement 
The fourth phase is refinement, in which the interfaces provide facilities for 
modifying and refining queries. 
e) Use 
The fiflh phase is use, in which the search results can be saved or used as input to 
other programs. 
2.6.10 Prototypes 
A prototype can be used in order to test various aspects of the design as well as 
illustrate ideas or features of a system. According to Preece et al. (2002) a "prototype is 
a limited representation of a design that allows users to interact and explore its 
suitability". It also can be used to get user feedback at the early stages of system 
development (Wikipedia, 2005). 
Prototyping can be divided into low-fidelity prototyping and high-fidelity prototyping 
(Rudd et al. 1996). A low fidelity prototype is one that is sketchy, incomplete but does 
look very much like the final system. It is usually used in the early stages of the 
development, during conceptual design for example, in order to quickly produce the 
prototype and test the concept. A high fidelity prototype is quite close to the final 
system with lots of detail and functionality (Preece et al. 2002). Users are able to 
examine in detail and make strong conclusions about how behaviour will relate to use 
of the final system. A few studies have compared the effectiveness of low-fidelity 
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prototyping and high-fidelity prototyping. Rettig (1994) identified inherent high- 
fidelity prototyping problems as: 
a) They take too long to build. 
b) Reviewers and testers tend to comment on superficial aspects rather than content. 
C) Developers are reluctant to change something they have crafted for hours. 
d) A software prototype can set expectations too high. 
e) Just one bug in a high-fidelity prototype can bring the testing to halt. 
According to Walker et al. (2002), low-fidelity and high-fidelity prototypes are equally 
good at uncovering usability issues. Designers should choose whichever medium and 
level of fidelity suits their practical needs and design goals. High-fidelity prototyping is 
useful for selling ideas and testing out technical issues. However low-fidelity should be 
actively encouraged for exploring content and structure issues (Preece et al, 2002). 
2.6.11 Shallow and Deep Knowledge 
The knowledge of past experience is normally called shallow or surface knowledge. 
This type of knowledge is usually structured in the fon-n of heuristics or rules of thumb 
and can be represented easily in the form of rules. Deep knowledge often comes from 
manuals and this can be formalized and presented as Fault Tree Diagrams. 
The characteristics of deep knowledge are that it is accurate and exhaustive and very 
time consuming and often involves wastage of costly resources in terms of manpower 
and test equipment to carry out exhaustive testing. Shallow knowledge on the other 
hand builds up an empirical pattern of relationships based on the likelihood of 
occurrence of events which have been validated over the past experiences. This 
research attempts to acquire and represent knowledge from these two sources and 
implement them for the proposed knowledge based diagnostic service tools software 
development. 
2.6.12 Discussion 
As a summary the model-based approach describes the structure of components and 
their connections down to those components that can be repaired or replaced as well as 
the functions and behaviour of those components in a subsystem. The model describes 
detailed information of the components and is easier to build because it does not 
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require experience. This will enable the diagnosis and knowledge updating with precise 
fault identification and is suitable for different mechanical skill levels. Model-Based 
Diagnosis uses models of a device or system as a basis for performing diagnosis. It is 
particularly effective when many different devices are composed of the same basic 
components, and those components are used as the modelling primitives. The 
components can be highly modular, and give a good separation of the model from 
diagnostic reasoning. They can also be highly reusable for different devices. Although 
the area of model-based diagnostics is a promising one and various research has been 
conducted to assist the design process, in reality the actual problems faced by field 
services are still ignored. 
The following section will review the research and effort that has been carried out in 
developing the automotive diagnostic tools for FMEA applications. 
2.7 FMEA and Automotive Diagnostic Research 
As vehicles' complexity and sophistication are increasing, it is becoming a problem to 
predict the interaction between the vehicle systems. I'lie car manufacturers and their 
suppliers today are facing serious challenges in matters related to fault diagnosis and 
isolation during the life-cycle of their product. It is estimated that European passenger 
cars have an average yearly down-time of 16 working hours due to malfunctions and 
maintenance (Struss 2002). To remain competitive in the market they must be able to 
eliminate breakdowns, maintenance time and misdiagnosis to ensure customer 
satisfaction. This has prompted much research and projects related to onboard and 
off-board vehicle diagnosis and the diagnostic design process. 
The earlier effort by Price and Taylor (1997) developing diagnostic tools from FMEA 
has been successfully applied for electrical subsystems and has been improved to cover 
the whole car electrical system in vehicle model-based diagnostics (Dougal Project, 
2002). Apart from that there are only a handful of reported research projects that have 
successfully developed generic diagnostic tools and these are mostly concentrated in 
the vehicle electrical system domain. The diagnostic tools based on this methodology 
for mechanical subsystems are still under study and the results are yet to be seen. 
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Ile following section will briefly review some of the recent research work that 
exploits FMEA in developing automotive diagnostic tools. 
2.7.1 FMEA for Vehicle Electrical Diagnostics 
The work by Price (2000) describes how the effects of possible component failures on 
an electrical system can be predicted through simulation of the correct behaviour of the 
system, and repeated simulation of versions of the system containing faulty 
components. The results of FMEA are then used to generate diagnostics, and apply 
incremental FMEA techniques to the diagnostic challenges of variants and to produce 
diagnostics as a system evolves over time. The idea of incremental diagnostics is to 
reduce the amount of effort needed to produce different versions of related diagnostics. 
The AutoSteve software is used to generate a textual report giving the effect of each 
possible component failure on the behaviour of the overall system. 
AutoSteve is a commercial tool developed by Price (1997) which provides an 
automated FMEA generation mainly for automobile electrical design. Originally 
known as the FLAME system (Price et al, 1995) it is currently one of the successful 
tools used by Ford Motor and many other automobile manufacturers. 
The tool uses qualitative simulation and functional abstraction to achieve automated 
FMEA. There are three inputs to the system which are the circuit description from an 
Electrical Aided Design (ECAD) tool, a set of standard car subsystem functions and a 
set of links between the circuit and intended functions. Figure 2.3 illustrates the 
functional structure of the system. 
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Figure 2.3 Auto Steve System Structure (Hunt, 1999) 
I'MEA generations by AutoSteve are carried out in the following way (Price, 1997). 
0 Simulate various scenarios under correct circuit behaviour, i. e. set different inputs 
to the circuit to try out all possible operations. 
0 For each set of inputs, record abstracted behaviours using function labels. 
Repeat simulation of each possible failure on each component and abstract the 
results. 
0 Report the diffierences between the two sets of abstracted results. 
The analysis is often performed at an early stage in the design when detailed 
information on fuse ratings, voltage drops down lines and even when the current to be 
used is unknown. When an engineer wishes to generate a FMEA report the first thing 
they must do is to load in the description of the circuit from an ECAD tool. This 
process is relatively straight forward. Once this has been done the circuit can be viewed 
using the circuit drawing tool in the system. By using the system circuit drawing tool, 
the engineer can identifý, any problem areas which are automatically flagged and 
correct them. However, every time a brand new component is used. its definition must 
be provided. Once the engineer has loaded in the circuit and linked the circuit and 
I, unctions together, they are ready to generate an FMEA report. 
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Finally, the FMEA report generated can either be printed or viewed interactively. The 
form includes various items of information which need to be recorded with an FMEA 
report as well as an explanation box. The explanation box allows the engineer to view a 
more detailed description of the failure modes effects. 
In general, the automated FMEA generation by AutoSteve provides: 
9 faster and more effective FMEA. Simulation of various scenarios under correct 
circuit behaviour, i. e. set different inputs to the circuit to try out all possible 
operations. 
* use of information in better ways. The information generated by the FMEA 
system potentially has other uses than design analysis, since the information is 
essentially that used for diagnosis except in reverse. 
* incremental FMEA as with the system it is possible to load in a modified circuit 
description, generate the FMEA report and then get the system to compare the 
two reports and identify the differences. 
* relief from the tedium as FMEA is a tedious and time consuming process. 
* minimum extra effort by engineers. 
e consistency of results. 
Price and Taylor (1997) described how automated FMEA reports contained consistent 
failure modes and effects descriptions. Based on their work, for each of the 
combinations of component failures, the effect on the system in terms of its function 
differences can be determined (functions that failed to occur and functions that 
occurred unexpectedly). From such infortnation it is possible to identify all failures in 
the FMEA report that have the same effect. The fact that the FMEA report has been 
checked by an engineer, for example when the circuit was designed, is attractive for 
diagnosis as it means that the model-based information has undergone a degree of 
verification by engineers. 
The AutoSteve tool is then used to compute the consequences of each failure during its 
simulation (for example it would detect that the short circuit had caused a fuse to blow 
and record any effects this had on the system functions). As a result, dependent fault 
cases are covered by the relevant single fault cases. Once the failure has been localised 
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using information about function, tests are used to discover whether the most likely 
candidate fault is the actual fault. For example, if high beam relay stuck open is the 
most likely candidate fault, then testing the high beam relay will either blame or 
exonerate it. If the high beam relay is not stuck open, then all multiple failure 
candidates that include that failure can also be deleted. In this way, the remaining 
possibilities can be addressed in a reasonable manner and the right solution is selected. 
FMFA reports are generated for each majjor electrical subsystem in a car, in order to 
extend the diagnostic scheme to cover the whole ofthe car electrical system, as shown 
in Figure 2.4. 
Diagnostic Tool 
File Help 
Please select a subsysterns 
-- 
was h-w ipe 
_)alarm 
internal-lights 
e exterior-lights xe ntral-doorlooki ng 
_. 
lignition 
f OkI 
Figure 2.4 Electrical Sub-System (Price and Taylor, 1997) 
The above example shows a set of car subsystems that can be selected and facilitates 
fault localisation on the basis of the subsystem, where the problem in this case is the 
exterior lights. Next the set of functions within the chosen subsystem is shown to the 
user for indication of which symptoms are present (figure 2.5). 
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Figure 2.5 Sets of Functions (Price and Taylor, 1997) 
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Selecting the functions which have either failed or occurred unexpectedly allows the 
system to determine a list of candidates for the given fault (figure 2.6). Finally the 
diagnostic system would guide the user through the possible diagnoses. 
Candidates in exterior-lights subsVstem 
Candidates :4 
'WIRE53' 'burned-out' & 'T4' 'burned-out' 
'WIRE53' 'burned-out' & VIRE38' 'burne d-out' 
nl- 
Figure 2.6 List of Candidates (Price and Taylor, 1997) 
Barkai (1998) described his project to convert the results of FMEA int'ormation into a 
diagnostic knowledge base. By combining with a diagnostic expert system, the 
knowledge base was able to produce an effective diagnostic system. The project uses a 
straightforward knowledge representation with component, symptom, repair and test 
objects. The FMEA information as shown in figure 2.7 was directly converted to 
Diagnostic FMFA worksheet in figure 2.8. 
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Figure 2.7 FMEA Worksheet (Barkai, 1998) 
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Figure 2.8 Diagnostic FMFA Worksheet (Barkai, 1999) 
The information from the diagnostic FMFA worksheet is represented in the system 
knowledge base. An example of knowledge based represented in the system is as 
shown in I igure 2.9. The representation is then used to generate a diagnosis logic tree. 
Then, the final symptom is displayed by the system runtime environment (figure 2.10). 
The perl'ormance ofthe knowledge base was compared with use of a standard repair 
manual. This was done by using both methods in troubleshooting actual faults by 
technicians " ith varý'ing levels ofskill. The test was conducted by using a double-blind 
method to determine the flit Rate. The final result showed that, the average Hit Rate 
by using the expert system was significantly better than just the technical manual and 
the average repair time was shorter than using the manual alone. 
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Figure 2.10 Runtime Fnvironment (Barkai, 1998) 
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2.7.2 Integrated Design Process for Onboard Automotive Diagnosis Project. 
The European Fifth Framework project "Integrated Design Process for onboard 
Diagnosis" (IDD) which started in February 2000 is intended to formalise and 
standardise the diagnostic design process. This work has enabled the introduction of 
diagnosis early in the development chain. Their methodological goals were combined 
with another important objective to provide designers with a set of tools that can help 
them in evaluating and understanding the effects of each choice on the system being 
designed. 
The project performed an analysis of the current design process by using test-benches 
from some departments of their application partners. Special attention was focused on 
the role of diagnosis-related activities such as diagnosis analysis, FMEA generation, 
and generation of onboard diagnostic software. This leads to the identification of some 
weaknesses and consequences of the overall design process such as time delay due to 
re-design of some parts of the system and poor diagnosis. They recognised four general 
phases in an entire vehicle design process as: 
Strategy phase 
Technology phase 
0 Integration phase 
Production phase 
According to a progress report, three major weaknesses emerged from the analysis: 
a) FMEA and diagnostic development are sequential activities that are mainly 
performed using experience and without model-based supporting tools. 
b) Usually the development of FMEA and diagnostics is carried out in parallel with 
control design; however the two activities do not interact and if additional 
requirements or constraints emerge from one of the two tasks they are taken into 
account in the other one only when (and io a new design cycle is started while 
they could be dealt with immediately due to parallelism. 
c) Since FMEA and diagnostics development is carried out after component 
design/layout, diagnostic-related issues have an impact on system design only if 
the design is re-started due to some problem in the definition of control strategies. 
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Based on this analysis, a new framework is proposed for a new process which is 
closely connected with new tool architecture. The framework for a new process is as 
shown in figure 2.11. 
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Figure 2.11 Framework for New Design Process (Verlag & Duesseldorf, 200 1) 
The overall architecture of the new design support system is summarised in figure 2.12. 
The figure shows the different modules and points out the fundamental roles of the 
system which include: 
a) the design tool, to which the other tools are added as new functionalities can be 
called during the design process. 
b) the modules which form the link between the various tasks to be integrated and 
which are the basis for the integration. The module for the generation of control 
software is outside the scope of the work of this work. 
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Figure 2.12 New Design Support System (Verlag & Duesseldorf, 2001) 
2.7.3 Vehicle Model Based Diagnosis Project Overview 
The Vehicle Model Based Diagnosis (VMBD) project was funded by the European 
Commission and involved a number of partners including car manufacturers, suppliers 
and Universities (Monetl 2002). The main aim of this project is to develop model- 
based methods and techniques for practical operation in autornotive diagnostic systems, 
both on-board and off-board. The approach is based on the knowledge based systems 
technology and relies on different kinds of models. 
The idea is to develop an integrated approach to the design, development and execution 
of off-board and on-board vehicle electrical and electronic diagnostics. Through this 
integration it is hoped that cars will be less likely to spend time in the shop thus coming 
closer to the goal of total mobility. This will lead to the prevention of break-down and 
on time maintenance that will keep customer's satisfaction high and the environment 
free of vehicle generated hazards. 
The project has led to the development of three prototype applications. based on state 
of the art techniques. and demonstrated on real cars. This includes the Common Rail 
fuel delivery system (on a Lancia car). the DTI fuel delivery system and the automatic 
transmission (on a Volvo car). The toolkit allows car manufacturers and component 
suppliers to rapidly develop powerful diagnosis systems in their quest to achieve a 50% 
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reduction in vehicle down times. This in turn will give a competitive edge to European 
Automotive Industry, leading at the same time toward the development of European 
standards in the field of vehicle diagnostics. 
For the fuel delivery systems, the components are modeled in terms of qualitative 
differential equations. This includes appropriate parameters whose values allow for the 
representation of fault modes of the components. The equations for deviations (in 
which the variables represent deviations of quantities from expected values) are 
obtained via algebraic transformations. This form of modelling has proved to be very 
useful since in most cases it is relevant to reason in terms of variables deviating from 
their expected values, rather than in term of absolute values. In the Common Rail, 
diagnostic trees are synthesized from the solutions to a set of simulated cases computed 
using the model-based approach. This allowed the project to produce diagnostic 
systems that can be easily implemented on current vehicle Electronic Control Unit. 
The applications developed for Volvo car have demonstrated the applicability of MBD 
for the troubleshooting of automatic transmissions. The applications covered typical 
customer complaints, ranging from 'soft' problems with shift-quality to diagnosis based 
on failure code events. An example of the Volvo car diagnostic engine is as shown in 
figure 2.13. 
The important effect of the project is that it has contributed to publicising MBD. 
Manufacturers and suppliers had the opportunity of having a close look at the 
technology, using them on their systems and has resulted in some of them investing in 
MBD. 
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Figure 2.13 Example of Volvo Car Diagnostic Engine (Monet2,2002) 
2.7.4 Discussion 
The basic concept worked out within the European project IDD shows a better 
integration of a diagnostic related task. A new design process has been developed and 
the requirements defined for new tools architecture. The designer will be supported for 
performing different activities, like design of the physical system, design of control 
algorithms, support for FMEA, analysis for diagnosis and derivation of onboard 
diagnostic software. The advantages of this new process and architecture for the 
automotive design process have yet to be proven. 
Most FMEA research has shown the relation and application of artificial intelligence 
technology. Qualitative simulation and expert systems to facilitate FMEA by Price and 
Taylor (1997) has proved successful for the development of electrical design circuits. 
The fuzzy cognitive maps for FMEA and fuzzy FMEA model for diagnosing problems 
were also developed. Thus artificial intelligence technology is closely related and well 
applied in FMEA. 
The work of Barkai has shown that the elements of FMEA are useful to develop an 
automated diagnostic expert system. Some of the limitations pointed out include: 
* FMEA was originally conceived as an engineering discipline, it ignores the 
operational, logistic and financial consideration. 
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* FMEA involves a significant level of guesswork and prediction which is only 
used as an approximation as to what may occur. 
*A FMEA based diagnostic system is unable to capture sufficient testability and 
maintainability information to allow an expert system to conduct effective 
functional testing. 
To overcome these limitations, Barkai suggested the use of an object-oriented FMEA 
environment and FMEA object libraries. This could promote the re-use of existing 
information and discourage the authoring of information from scratch. Another 
advantage is that the object-oriented approach will allow the storage of testability and 
maintainability information that can be associated with failure needs. Object-oriented 
FMEA will allow experience to be accumulated over time and could respond faster to 
new models, physical changes and other lifecycle requirements. 
The work described by Price and Taylor (1997) presents an alternative strategy for 
building a model-based diagnostic system. Diagnostic trees can be compiled off-line 
from models originally intended for design analysis. 'Me generation of the diagnostic 
tree reuses the models that were constructed in order to produce an FMEA. As the 
model has been developed for design analysis, the diagnostic system can be available 
very early in the product lifecycle. 
Tberefore, there is close linkage of information re-use between FMEA, artificial 
intelligence technology and diagnostics. Price (1997) has successfully proved in his 
Flame system that the automated generation FMEA is applicable in analysing the car 
electrical circuit for diagnostic purposes. Barkai (1998) has also proven that FMEA 
information are able to generate an expert system diagnostic system. He proposed the 
use of an object-oriented approach and automated FMEA to overcome the limitations 
faced in order to produce an effective diagnostic system. 
In the present common practice, the diagnostic issues are usually taken into account 
only at the end of the design process and are not integrated with the rest of the process. 
In particular, during the critical phases of the design process, when the actual 
architecture of the system is conceptualised, the control strategies are defined and 
47 
models or prototypes of the system are simulated, diagnostic issues are not taken into 
account. In fact, the diagnostic software also is not developed together with the control 
software and even more critically, the issues such as the diagnosis of the system being 
designed or the analysis of the FMEA, which is very useful to discover safety critical 
faults or failures, are seldom and only partially considered. 
As a summary, previous researches have shown that with today's technology 
advancement, the development of diagnostic systems should be well integrated in the 
early design stages. Ile application of model-based system and the automation process 
is a vital requirement in development of diagnostic systems. The use of an object- 
oriented approach and automated FMEA will thus produce an effective diagnostic 
system. 
2.8 Automated FMEA Review 
There has been very little work reported on the automation of FMEA. There are 
commercial tools which automate the clerical tasks related to FMEA - helping the 
human expert to keep track of which possible failures have been analyzed, and 
performing simple calculations on the figures estimated for severity, detection and 
frequency to obtain the RPN. Amongst the tools for FMEA applications are TeamSet 
from Computer Science Corporation (2001), Relex FMEA/FMECA from Relex 
Software Corporation (2001) and FMEA Facilitator from Haviland Consulting Group 
(1999). 
Beginning in the go's until recently, several automated FMEA systems have been 
developed and used to analyze electrical systems. Ormsby et al. (1991) developed a 
concept for automated FMEA employing qualitative reasoning in a model-based 
environment as a means of making the analysis extensible to other domains. In the 
mechanical engineering domain, Umeda et al. (1992) used functional representations 
for diagnosis and self-repair of a copy machine. Morjaria et al. (1992) have developed 
diagnostic systems using belief reasoning from symptom to failure in large industrial 
systems. Clark and Paasch (1994) showed how function-to-structure mapping can be 
used in the early stages of design to assess diagnosability by measuring the ease of 
isolating the cause of a malfunction. Montgomery et al. (1996) proposed a computer 
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simulation of failure modes and their effects for electrical circuits, including qualitative 
simulation at the early stages. 
Some of the notable EPSRC-funded projects (1996,1997,2000 & 2001) undertaken at 
University of Wales Aberystwyth attempted to automate the FMEA in a specific design 
application. The Aquavit Project (1996) attempted to improve the applicability of 
qualitative reasoning to the automation of electrical design analysis tasks. GenMech 
Project (1997) has investigated the feasibility of automating mechanical failure modes 
and effects analysis. The Dougal Project (2002) which extended the work from Aquavit 
and AutoSteve has developed "whole vehicle, whole lifecycle electrical design 
analysis". Later, SoRFMEA project (2001) explored methods of conducting safety 
analysis by allowing the capabilities of the existing electrical design analysis tool to be 
expanded. 
In summary, several approaches have been proposed for FMEA automation which use 
domain specific qualitative or quantitative fault simulation. These approaches are 
restricted to particular application domains such as the design of electrical or electronic 
circuits. The limitations in scope and difficulties with the efficiency and scalability of 
algorithms have limited the industrial take-up of this automated FMEA technology. 
However, the most noted work is the development of Flame (Price et al, 1995) which 
led to the creation of the commercial tool AutoSteve (Price 1997) presently used by 
Ford Motors for the FMEA automation of car electrical system design. Another 
exception, a PhD research by Teoh (2003) led to the development of prototype generic 
FMEA generation (FMAG) for both design and process early in the conceptual design 
stage. 
2.8.1 FMAG 
The FMAG software tool developed by Teoh (2003) is an automated FMEA generation 
tool that can be used for generic application for both process and design FMEA at the 
conceptual design stage. The software is implemented based on an FMEA Model. The 
FMEA model is developed based on a transformation system which consists of 
component libraries and is generalised using the object-oriented approach. The concept 
of function unit and functional diagram are introduced and the generic function is then 
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used as an abstract object to represent functions of designs and processes. The FMEA 
was further developed into an object-oriented information model and converted into 
relational database schemas. Object inheritance features were used to enable 
information sharing amongst the components and finally the form objects for user 
interface leads to FMEA generation. According to Teoh (2003), before FMEA can be 
generated there are several iterative processes and steps that the user needs to follow. 
The summary which leads to the FMEA generation process is as shown in figure 2.14. 
Start 
Step I 
Conceptual Modelling 
Step 2 
Object Formation 
Step 3 
Function Selection 
Step 4 
Model Building 
Step 5 Step 6 Cause & Effect FNIEA Generation 
Yes 
FWIFA Report 
FIgure 2.14 FMEA Generation Process (Teoh, 2003) 
The user can select the suitable generated FMEA items to be saved into the FMEA 
reports which can be kept as separate files so that whatever changes that have been 
made will not affect the contents used for FMEA generation. During the FMEA 
generation stage, the user can also add the Risk Priority Number (RPN). The historical 
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values for occurrence, severity and detection that are recorded in the database can be 
reused in the RPN for risk assessment. Ile occurrence and severity are directly linked 
to the part state, and are used to represent cause and effects (local, next high level and 
end effects) of an FMEA. The detection is related to the current control and it is 
recorded in the current control table in the database. When a new function unit is 
created, the historical RPN values available will provide an indication about the risks 
incurred according the past experience. An example of a selected generated FMEA 
item is as shown in table 2.2. 
Table 2.2 An Example of A Generated FMEA Item (Teoh, 2003) 
Partf Part/ Potential Potential NeA Hgh -Z, z Current Process Process Step Failure Causes Local Effect Level Effect End Effect z Controls - 0: Step Functions Modes U) 0 
Inductive Conveys Not Carbon 3 Belt not PCB not PC5 not 4 Change 4 48 
Motor Round belt conveying brush wear moving moving moving carbon 
and tear brush 
2.81 Discussion 
AutoSteve has made the generation of FMEA easier to perform and with progressively 
more detail throughout the design process. This would save time, energy and money by 
detecting potential problems earlier in the design. As a conclusion, AutoSteve has 
helped engineers to produce timely, rapid and consistent FMEA reports. This also has 
enabled other advantages such as efficient multiple faults FMEA and the re-use of as 
much existing information as possible. It has been successfully in active use by Ford 
and is used world wide by major motor manufacturers. 
As for FMAG, it has demonstrated a method for automatic FMEA generation in the 
conceptual design stage of product and processes. The improvement of knowledge re- 
use in early design stages will contribute to quality and cost improvement in the design 
process. FMAG has also demonstrated the use of the object-oriented approach and 
knowledge reuse using the knowledge fragment approach in the reasoning technique. 
One of the distinctive advantages of the FMAG software is that the generation of 
FMEA has shifted earlier to the conceptual design stage. The software has also proven 
that the generation of automated FMEA is possible without the need for complete 
information. 
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In summary, both the tools described above have potentially demonstrated an effective 
information knowledge reuse framework. AutoSteve which has been successfully 
accepted world-wide is proof that automated FMEA generation information is reusable 
to produce multiple fault FMEA which is an important knowledge to diagnostics in the 
car electrical system. By adopting the FMAG approach and techniques it will be 
possible to produce a diagnostic service tool and eliminate the Barkai (1998) 
limitations in producing effective diagnostic knowledge based tools. 
2.9 Conclusion 
In the early stage of the literature review, the current FMEA tools used in the 
automotive industries and the importance of diagnosis have been discussed. Then some 
current automotive diagnostic tools in the automotive industry with priority to the 
Malaysian National car diagnostic tools have been reviewed. Software tools 
development and research work in FMEA related to automotive diagnostics have also 
been explored. 
It is found that FMEA documents have been specified as a part of the quality system in 
ISO-9000 and have become a requirement of AIAG in the automotive industries. 
FMEA tools have been used extensively by OEMs and they have required their 
suppliers to submit FMEA as part of the product approval documentation. The 
available commercial tools have provided guidance, ease of use and clerical assistance 
in maintaining FMEA documents according to quality requirements. However, this 
does not ensure that the product really meets the quality standard and none of the tools 
can assist with product maintenance and service activities, especially diagnosis. 
Due to system complexity in today's vehicles, diagnosis has becoming important to 
improve product service and maintenance. The current diagnostic tools provided by the 
Proton and Perodua manufacturers tend to detect electrical faults and in some cases are 
unable to isolate the detected fault. It is clear that the current diagnostic tools are not 
able to meet the field service requirements and hence there is a need to refer to manuals 
and experienced technicians. Hence, the diagnostic approach and various FMEA 
diagnosis research projects have been evaluated. It is found that various cfforts have 
been made to develop FMEA for diagnostic applications but these are mostly restricted 
to vehicle electrics and electronics. The recent trend is to a model-based approach as it 
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has several advantages compared to the traditional approach. Various research and 
EPRSC projects have been carried out on automated FMEA application to develop off- 
board and on-board diagnostic tools but the results have not yet been seen. 
In terms of software development, it is found that the Lifecycle Model for Interaction 
Design (Preece et al. 2002) is more relevant to the scope of this study, even though it 
has some limitations. The Lifecycle model for interaction design encourages a user 
focus and is not intended to be prescriptive. Low-fidelity prototyping and high-fidelity 
prototyping are found suitable to illustrate ideas or features of the proposed diagnostic 
service tools development. 
Very little work has been reported for generic FMEA generation except the AutoSteve 
and FMAG software. AutoSteve is a model-based system for performing automated 
FMEA and is in regular use at several automotive manufacturers. It generates textual 
FMEA reports mainly for automobile electrical systems that are comparable with those 
produced by an engineer without automated help. FMAG software is able to generate 
design and process FMEA reports at the conceptual design stage and can suit other 
applications. The use of an object-oriented FMEA approach and FMEA object libraries 
can overcome the limitations faced by the Barkai approach (1998). FMAG developed 
by Teoh (2003) is found to possess these characteristics. Thus FMAG software is most 
suitable as an entry point to develop the diagnostic service tools as it is applicable for a 
generic process and design FMEA. Hence, FMAG software will be adopted to generate 
FMEA data and will be expanded to meet the research objectives. 
However there are certain limitations in Teoh's research. The first limitation is that the 
function terminology used is based on the definition given by Hirtz et al (2001). Since 
the functional basis development is an on going process, the list may not contain all the 
required functions. To overcome this limitation, further work in developing the 
function ontology needs to be carricd out not just in FMEA, but also in diagnosis. The 
second limitation is due to the absence of features to represent the timing and 
sequencing of a design operation or process. In order to overcome this shortcoming, 
different scenarios are introduced which are represented by separate functional 
diagrams. Another limitation is that the method is based on a data driven approach 
which requires a large amount of data to be available in the database to ensure the 
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effectiveness of the method. This requires information sharing with different stages of 
the product life cycle, such as the requirement analysis, detail design and problem 
diagnosis. 
To conclude, the literature review has provided a clear view of the application of 
FMEA and diagnostic development for automotive industries. Finally, FMEA tools and 
software model methodologies have been identified for modelling the proposed 
diagnostic service tool. The FMEA model for DFMEA generation has been proposed. 
This will be discussed in Chapter 3. 
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Chapter 3 
Developing the FMEA Model 
This chapter mainly discusses the development of an FMEA model that is required for 
FMEA generation. Based on the literature review, FMAG software has been selected to 
generate the required FMEA information. However, an FMEA model for a specific 
product design has to be built in order to meet the research requirement. 
An objcct-oriented approach, causal reasoning and Unified Modelling Language 
(UML) diagrams have been used for the FMEA modelling. The FMEA Model is 
adopted from a technique known as the transformation system as proposed by Hubka 
and Eder (1988) which basically transforms an operand at the input to a desired state at 
output. Then component libraries, function units, functional diagrams and cause and 
effect propagation are created. In order for a functional diagram to respond to 
simulation or changes of state, to facilitate cause and effect propagation, a causal 
reasoning technique is used. The technique is adapted from the "knowledge fragment" 
reasoning approach of Kato et al (2002) which stored both cause and effect knowledge. 
Based on the FMAG approach the knowledge is further divided into precondition and 
postcondition in the form of "operator failure state" and "operand failure state". The 
terms and notation of the terminology used to explain the model are adapted from the 
transforination system and FMAG approach, and a full list is given in Appendix A. 
The FMEA model will form the framework for knowledge collection and organization 
in order for FMEA generation to take place. 
3.1 Power Train System 
Based on automatic transmission problem faced by the Malaysian cars and workshop 
staff, the research interest is to develop a Diagnostic Service Tool application for the 
motor industry. Hence, a four speed KM series automatic transmission power train 
system is selected as the example for the FMEA model. The power train system is the 
actual design of an automatic transmission used on Japanese, Korean and Malaysian 
cars. Basically, the task of a power train system is to convey the engine torque through 
various gear ratios. 
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In order to function as a complete transmission system, the power train is connected to 
other mechanical systems, hydraulic systems and electrical systems which control and 
provide the input and output. Briefly, engine torque is transferred to the torque 
converter through the drive plate, which is attached to the engine crankshaft. Torque, 
which has been transferred to turbine vanes in the torque converter through the medium 
of Automatic Transmission Fluid (ATF) or commonly called ATF oil, is then 
transferred through the input shaft to the rear clutch retainer or the multi-plate clutch. It 
is then carried through the sun gear (forward and reverse sun gear) and the annulus 
gear in the planetary gear set to the transfer shaft. It is delivered through the transfer 
shaft and the differential drive gear to drive the CV-joint by the differential assembly 
and finally the wheels. Figure 3.1 shows a sectional view of an automatic transmission 
system and the power train components. 
-- --1 
Low/reverse 
brake 
[-End 
Lfershaft 
LDifferential 
gear set 
Figure 3.1 Sectional View of KM series Automatic Transmission. 
The layout of the power train system for the torque transfer process is presented in 
figure 3.2. It is assumed that the operating elements for the torque transfer process are 
the entities chosen from the standard technical system and operand library. This will he 
Torque 
conveJ 
shaft 
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I ý-ront ciutcn i 
used as a case example for the illustrations throughout the thesis and for the DST 
evaluation. 
Kick-down brake 
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Figure 3.2 Power Train System Operating Elements 
3.2 Transformation System 
Briefly, a transfiannation system consists of technical system, technical process, human 
system and active environment. The effects are produced by the acting operators, by 
means of action processes and action chains within the operators that transform the 
inputs of the operators into their outputs. According to Hubka and Eder (1988), the 
technical system need not include all the components of a system and can be 
represented by a few important components. 
In this case, the power train system is represented by the important components: torque 
converter, input shaft, sun gear, planetary gear set and transfer shaft. The engine torque 
is the operand of the process. The technical process consists of the process steps the 
engine torque has to go through in order to achieve the required gear ratio. The human 
system and active environment in this case is not elaborated for simplicity. Hence, the 
transformation system of a power train is represented in figure 3.3. 
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Figure 3.3 Transfortnation System for Power Train System 
In order to achieve different gear positions, the input torque has to undergo different 
technical processes. The shift is in forward (normally called forward I st gear) when the 
gear lever is positioned at D (drive) or D, 2, L (forward drive in second gear low range 
or speed) for certain cars, the rear clutch is actuated and the input shaft is connected to 
the forward sun gear. The torque is conveyed to the forward sun gear which rotates in 
the clockwise direction. The torque is then conveyed from the forward sun gear 
through the short pinion (counterclockwise) and the long pinion (clockwise) to the 
annulus gear (clockwise) to achieve the reduction ratio of the forward Ist gear. The 
one-way clutch locks the annulus gear from rotating anti-clockwise. The operating 
elements are the rear clutch and one-way clutch as shown in red (figure 3.4). The blue 
and red arrows show the technical system movement to achieve the final driven gear. 
Figure 3.5 is the transformation system in order to achieve the final torque output of the 
forward I st gear. 
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Figure 3.4 Operating element of D, 2 range I st gear position 
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Figure 3.5 Transformation System for Power Train System in I" Drive Gear 
The following sub-section will describe the development of the component library 
created for the power train system and Transformation System Generalization based on 
the FMAG approach. 
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3.2.1 Component Library 
The component library is created using the class hierarchy and assembly tree 
hierarchical structures. This structure is to index the components according to their 
inheritance characteristics and in terms of their functions. Figures 3.6 and 3.7 show the 
two structures created for the power train system. 
1 
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Figure 3.6 Class Hierarchy for Component Library 
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Figure 3.7 Assembly'Free for Component System Library 
3.2.2 Transformation System Generalization 
In FMAG, the transfiormation system is used to organise the entities in the component 
library. The entities are organised into five classes of technical system, technical 
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process, human system, active environment and the operand to define the 
transformation system. 
'rhe technical system in a transmission system is represented by a machine and its 
components that are involved to run the process. The technical process is represented 
by its process and process steps in order to achieve its output. An object diagram is 
created by incorporating the class diagram in figure 3.6 for the power train system into 
the transformation system as shown in figure 3.8. 
Transformation 
system 
Technical 
Technical System Process 
T 
Human System Active Operand Environment 
Machine Process 
Process 
Step 
Transmission 
Components 
Clutch Sungear Planet gear Brakes 
Front Rear End Forward gear Reverse gear Short Pinion Long Pinion 
Kick down Low& 
Clutch Clutch Clutch band brake reverse brake 
Clutch discs piston 
kick down drum servo anchor & 
retainer band piston switch 
Figure 3.8 Object Diagram for the Transformation System 
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3.3 Generic Functions Development 
Generic functions for the study are developed to represent the generic grouping of all 
functions involved that are further divided into lower subgroups. The generic functions 
needed for the study are developed based on the functional basis development by Hirtz 
et al (2001) and Teoh (2003). 
Although the groupings available are enough for most required functions for the study, 
new functions are also created to suit the FMEA model. The function "'conveys" is 
added to define the action of rotational flows on a guided path. It is different from 
"transmits" where the flow path is not guided. In Teoh (2003) and Hirtz et at (2001) 
work is represented by "conduct" and "transmits". The created functional basis that is 
stored in the function library of the proposed DFMAG system will be used for the 
study is as shown in figure 3.9. 'Me details adapted and added generic functions is as 
attached in Appendix B. 
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Figure 3.9 Function Library 
3.4 Entities Interactions 
The interactions among the entities in the transformation system are used to achieve the 
design objectives and are represented in a conceptual model. The interaction is 
illustrated by a functional unit in the transformation diagram. In the power train system 
example, the input shaft interacts with the sun gear through the function "convey". The 
input shaft is the entity known as the operator which in turns acts on another entity, the 
sun gear. The word 'conveys' in this case is a generic function term to represent the 
move action. The sun gear which is the receiver of the action 'conveys' is known as the 
operand of the relationship. This relationship among the operator, an operand and a 
generic function is known as a function unit. 
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Since operator and operand are sub-classes of entity, an operator in one Situation call 
become an operand in another. The sun gear is an operand in the function unit, "input 
shaft conveys sun gear". It can be an operator for a new function unit "sun gear 
conveys torque". The functional unit, "sun gear conveys torque" interaction is 
represented in the transformation diagram in figure 3.10. 
Operator Generic function Operand 
Sungear conveys Torque 
Human Active 
SýStem Technical System Environment 
Transmission Power] rdin 
A 
orque 
onvenor 
I ransfer 
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Input Shafl 
Planetar-j 
mear set 
Torque at Torque at 
inlet outlet 
U. 
. 
output 
Input torque W. conveys conveys nveys I- delivers torque 
Technical Process 
Fi gu re 3.10 Function Unit Representation 
The rest of the functional units for the power train system can be derived to form a 
functional diagram from the above transformation system. Figure 3.11 shows an 
example of the functional diagram, in the form of graphical representation of the 
conceptual model for the power train system. 
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Figure 3.11 Functional Diagram (Conceptual Model) 
3.5 Cause and Effect Propagation 
The FMEA Model proposed by Teoh (2003), utilizes a cause and effect propagation 
method to simulate the actual behaviour of a design in the real world. A state change in 
one entity of a functional model will affect the status of the inter-related entities. 
In the power train system. the engine torque that has been conveyed by the torque 
converter will be conveyed to the sun gear through the input shaft by the action of the 
clutches and brakes. The clutches and brakes will have a state change from "not 
activating" to "activating". This state of change will trigger a change to the input shaft 
from -not conveying" to "conveying" and in turn trigger a change to the sun gear from 
"not conveying" to "'conveying" and so forth until the final gear ratio output. The 
action to convey the torque is the cause that triggers the changes across the components 
in the model. Hence, the model is said to have a cause and effect propagation. 
Similar to FMAG, in DFMAG the causes that create failure effects of a model are the 
particularly interesting information used to generate DFMEA. This propagation is 
carried out through the behaviour of a generic function. The relation between an entity 
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state and a function behaviour is then characterized into precondition and 
postcondition. The state of the operator will determine the behaviour of the generic 
function within a function unit. The behaviour will in turn decide the state of the 
operand within the function unit. These differentiate between the precondition and post 
condition. Based on this approach, the relationship is as shown in figure 3.12. 
Operator 
Operator 
Ogmto 
ate 
Precondition"----- B 
Operand 
Operand 
Property 
Operand 
State 
Postcondition 
Figure 3.12 Precondition and Postcondition Relationship (Based on Teoh, 2003) 
In most cases, the operand of the function unit is an operator of the next function unit. 
Any state changes will propagate until the last boundary of the system. The series of 
preconditions and postconditions creates a causal change for a particular state change 
event. The cause and effect propagation created for the power train system is as shown 
in figure 3.13. 
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Figure 3.13 Cause and Effect Propagation for Power Train system 
3.6 FMEA Elements Generation 
Based on the FMAG approach, only the minimum infortnation is used for reasoning 
and the causal reasoning is based on two assumptions. 
a) There exists a state of an operator where if there is a change to that state, it will 
cause its functional behaviour to change accordingly. 
b) There exists a functional behaviour where if there is a change to that behaviour, it 
will cause the corresponding operand to change its state accordingly. 
The semantics of the knowledge fragments for the precondition are based on the first 
assumption, whereas that for the postcondition are based on the second assumption. 
The precondition and postcondition gain knowledge fragments through historical data 
extracted from failure reports and the FMEA. For a particular function unit, the 
operator state and the behaviour of a failure event fonn a set of preconditions. The 
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behaviour and the state of the operand form the postcondition of the same event. The 
failure cause and effect is defined by the operator and operand states of a function unit, 
while the failure mode is defined by failure behaviour of the generic function. 
Referring to figure 3.13 , the knowledge fragment captured in precondition and post 
condition can be arranged as follows. 
Table 3.1 Precondition 
Operator Generic Function Precondition 
Torque converter transfers converter failure - not transferring 
Clutches & brakes conveys clutches not moving - not conveying 
Table 3.2 Postcondition 
Generic Function Operand Postcondition 
Transfers Inputshaft not transferring- input shaft not delivering 
Conveys Torque not conveying - torque not conveying 
The precondition defines the behaviour of the torque converter when it is not 
transferring torque and the behaviour of the clutches and brakes when not conveying. 
The postcondition provides the knowledge about the response of the input shaft and 
torque when it receives the behaviour "not transferring" and "not conveying" from the 
operator that should make the input shaft and the clutches and brakes move. 
Hence, the cause and effect propagation data based on functional cause relationships 
for the torque converter are extracted to form the FMEA elements as shown in figure 
3.14. The RPN numbers, current control and recommended action are provided at a 
later stage of the FMEA generation process. 
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Figure 3.14 Functional Diagram and FMEA Relationship 
3.7 Summary 
This chapter has discussed the development of an FMEA model for a power train 
system based on the FMAG requirements and approach to enable automated FMEA 
generation. Based on the Transformation System applied in the FMAG technique, the 
component libraries for the particular design are created. The generic functions that 
will be used in DFMAG have been adapted and added to suit the case study. The cause 
and effect propagation method has been adapted based on the precondition and post 
condition approach. Finally, FMEA elements can be generated based on the functional 
diagram cause relationships. 
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In the current application, the generic function is used as an abstract object to represent 
functions of designs and processes and the main groups of energy, information, 
material and general. Although these groupings are enough to include most of the 
required functions for the studies, it is by no means exhaustive and can be further 
improved. Based on the adapted concepts, the functional diagram is formed from the 
function units which are derived from the transformation system. The functional 
diagram is further improved to include object-oriented classes such as entity, generic 
function, function unit and model. In the DFMAG application, a model is made up of 
its assembled parts and components and operands. Thus, the causes that create failure 
effects in the model are of particular interest. 
The use of the "knowledge fragment" reasoning approach has two advantages. First the 
proposed reasoning technique forms a framework for knowledge collection, 
organisation and reuse. Second, by using this approach, the static knowledge is 
confined to the entities and their functions, but not to the function units. During the 
reasoning process, it is possible to create new knowledge by matching the precondition 
and postcondition knowledge with similar failure behaviour. Hence this approach has 
led to the idea of new knowledge generation based on minimum information. 
The power train system FMEA model has provided the basic information groundwork 
for knowledge organization and reuse to generate FMEA information and the basis for 
Diagnostic Service Tool (DST) development. FMAG is enhanced to generate 
diagnostic FMEA which is further to be used to generate DST. The new proposed 
method and software design will be further elaborated in Chapters 4 and 5. 
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Chapter 4 
DFMAG Design 
This chapter elaborates the work carried out to enhance the FMAG software in order to 
generate diagnostic FMEA (DFMEA) information that is further to be used to generate 
the DST. The enhanced proposed software and design is called DFMAG as an acronym 
for "Diagnostic FMEA Generation". 
The capability of FMAG is first briefly reviewed and expanded to meet the study 
requirements and is presented in the use case and flow diagrams. This is followed by 
the expansion of the three-tiered software design to complete the overall DFMAG work 
flow process. Finally, the adapted FMEA process approach which leads to DFMEA 
generation is presented. 
4.1 FMAG Software Capability Overview 
According to Teoh (2003), FMAG allows users to perform several tasks using the 
FMEA Model and FMEA Report before the final report is generated. These tasks 
include: 
a) Create, edit and store object data in a permanent library for future reuse. The 
object data includes its ID (index key), name, associated parent, properties and 
object states accumulated from the FMEA generation exercise. 
b) Create, edit and store function information in a permanent library. The information 
includes function ID (key index), description, associated parent and its list of 
behaviours. 
c) Create, edit and store model information in a permanent library. The information is 
comprised of the ID (key index), the object it is associated with and the function 
units nested in the model. 
d) Enable the formation of a cause and effect chain through user inputs using the 
above objects, functions and model data. 
e) Create, edit and store the FMEA document which is the cover page for the FMEA 
and contains the information about the design or process model, the authors and the 
vendors involved. 
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0 Enable FMEA generation using the information in the FMEA model. The generated 
report can be extracted, edited and stored as any time when required. 
g) Enable the formation of the FMEA report based on the generated FMEA. The user 
can select, edit and save the FMEA items in a separate file for the FMEA report. 
h) Create, edit and store details about the team or personnel involved in executing the 
tasks suggested in the FMEA. 
The capability of FMAG is summarized in a use case diagram as shown in figure 4.1. 
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Edit SeNrAouf 
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, --"'-'Eckt IF on Unit 
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Designer/ EA 
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Auth Show Models Edit Model end Effed 
EcdýIKFM Report 
ShowFMEADocu-- ments 
Edit FMEA Docuffw: 
Edit Team 
Verify Generated FMEA 
Generate FMEA 
Figure 4.1 FMAG Use Case Diagram (Teoh, 2003) 
4.2 DFMAG Software Requirements 
DFMAG is an expansion made to FMAG software in order to generate DFMEA 
information and DST generation. Thus, the requirements include: 
a) To enable FMEA and DFMEA generation based on FMEA Objects using the 
information in the FMEA model. The generated report based on FMEA objects 
should then be saved so that later, it can be extracted, edited and stored as a 
fonnation of overall FMEA and DFMEA report for the designated FMEA 
document. 
b) To enable the formation of the FMEA and DFMEA reports based on the generated 
FMEA. The user should be able to select, edit and save the FMEA and DFMEA 
items in a separate file for the FMEA and DFMEA report. 
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c) To create, edit and store details about the team or personnel involved in executing 
the tasks suggested in the FMEA and DFMEA. 
d) To enable the creation of diagnostic tree using the information in the FMEA model 
with the corresponding symptoms and effects from cause and effect chains. 
e) To enable the creation of Yes/No questionnaires chain and the recommended action 
at the end of questions tree. 
f) To enable the creation of Repair Procedure to be accompanied with final 
recommended action. The Repair Procedure should be able to be extracted, edited 
and stored at any time when required. 
In order to meet the above DFMAG requirements, sixteen new items are added to 
FMAG software. The yellow areas are the adapted FMAG items and the green are the 
expansions made to meet the proposed requirements. This is as shown in DFMAG use 
case diagram as depicted in figure 4.2. 
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Figure 4.2 DFMAG Use Case Diagram 
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Based on the software requirements and DFMAG use case diagram, the flow diagram 
is represented as shown in figure 4.3. 
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Figure 4.3 DFMAG Flow Diagrams 
The following sections overview the FMAG structure that are adapted and expanded to 
form the overall DFMAG structure design. 
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4.3 DFMAG Structure Design 
The three tiered design of the FMAG software has been adapted and expanded to form 
the basic structure of DFMAG. The inner tier is the FMEA and diagnostic database. 
The FMEA database consists of relational tables that are constructed based on the 
FMEA model. The diagnostic database consists of a relational database for the 
construction of a diagnostic tree and a diagnostic service tool. The middle tier deals 
with modules responsible for calling data from the database which mainly uses 
Structured Query Language (SQL) and logic. The outer tier consists of Visual Basic 
form objects which cater for the user interfaces. The modules are created using Visual 
Basic codes and some of the modules are also responsible for operations such as 
heuristic rules and causal networks formation. The structures for DFMAG design is as 
shown in figure 4.4. 
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FROM lGenenc Functionj 
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If 'Record not found 
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Figure 4.4 DFMAG Three-Tiered Designs (Based on Teoh, 2003) 
Since FMAG software is used to generate the FMEA data, it has fon-ned the initial part 
of the overall DFMAG design. This is represented in the overall DFMAG workflow 
process as shown in figure 4.5. 
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Figure 4.5 Overall DFMAG Workflow Process 
4.4 User Interfaces 
There are a total of 31 Visual Basic form objects for the DFMAG application. Each of 
these has a specific task in the interaction with users. Each of the form objects 
represents a user interface window seen by the users. A UML diagram for the form 
objects is as shown in figure 4.6. The shaded areas are the added form objects from the 
initial FMAG software. 
The following section summarises the FMEA generation process and presents the final 
process for DFMEA generation. 
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Figure 4.6 UML for Form Objects 
4.5 FVlEA Generation in FMAC, 
In FMAG (Teoh, 2003), when FMFA generation is activated by the user, the system 
will prompt the user with the list of function units. If a function unit is selected, the 
Unit ID and Model ID values will be passed to the [FMEAMgrj class in the middle 
tier. In the following sections [] have been used to indicate classes. [FMEAMgrj will 
make a query to the database using SQL to the database for records that make up the 
function units for the particular model. It will use the collection class [FunctionUnits] 
to create members for the function units retrieved. Based on the function unit selected 
by the user, [FMEAMgr] will search for FMIEA data in a database query. 
The data retrieved is kept in another collection class, [FailureCols]. Unit ID is included 
as one of the fields in the collection. There are three queries made by I FMEAMgrj for 
this purpose. The first query is for the recorded failure modes, i. e. the failure modes 
based on the available data stored in the operators related to the function units. The 
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second and third sets of queries are for inherited failure modes from the parents and 
siblings of the operators concerned. What this means is that the operators of the model 
will display failure modes and conditions that were originally owned by the parents or 
siblings. The next set of queries are created to retrieve the possible combinations of 
Operator State, Behaviours and Operand State matches available in the Precondition 
and Postcondition tables for each of the function units in the [Function Un its]. The 
results of the query are stored in the collection class, [EftCols]. 
The primary key for Function Unit table, Unit ID is used as one of the keys for retrieval 
in the later stage. The FMEA data in fFailureCols] only has the Local Effects as one of 
the columns. Effect generation adds the Next Higher Effects, End EtTects to form a full 
FMEA table. The function units in [Function Units] collection are arranged in the 
logical sequence. Then, the Unit IDs of the members will be used as keys to search for 
the corresponding Unit IDs in [FailureCols] and [EffCols]. Using the Units IDs of these 
function units, the data in [FailureCols] can be linked by the corresponding effect 
chains in [Eff*Cols]. The full FMEA table is formed by [FMEAMgrl and is displayed 
by the [frmGenerateFMEA] on the computer screen. The overall FMEA generation 
process in FMAG is as shown in figure 4.7. 
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Figure 4.7 Example of FMEA Generation Process in FMAG (Teoh, 2003) 
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4.6 DFMEA Generation 
The generation process for DFMEA is similar to that of FMEA generation. In fact, in 
DFMAG software; DFMEA can either be created when the user runs FMEA 
generations or the DFMEA generation itself. The FMEA model developed in Chapter 4 
provides the input into FMAG software and based on the same approach, the required 
FMEA generation for this research can take place. This is mainly because DFMEA 
reports share the same information and components as FMEA reports. The only 
difference is the report structure and knowledge representation in DFMEA information. 
The DFMEA generation process that is implemented in DFMAG is as elaborated in 
Chapter 5. 
According to Barkai (1998), only a small number of knowledge sources are mandatory 
in order to support a straightforward and easy to understand knowledge representation 
for a diagnostic knowledge system. Hence, the DFMEA information is represented as 
follows: 
a) Unit - represents the part name 
b) Symptoms - represent indicators of malfunction exhibited by the machine reported 
by user or the operator 
c) Problems - represent the potential failure modes 
d) Causes - represent the potential cause 
e) Effect - represent the local effect 
f) Corrective action - represent the current control. This includes diagnosis, repair 
and parts replacement in order to restore the system to its original function. 
The links between FMEA elements that are selected for the DFMEA generation is as 
shown in figure 4.8. Similar to FMEA generation in FMAG, the full DFMEA table is 
displayed by the [frmGenerateDFMEA] on the computer screen. The overall DFMEA 
generation process in DFMAG is represented in figure 4.9. The generated DFMEA is 
then used for the development of DST. Details of the development of DST are further 
elaborated in Chapter 6. 
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4.7 Summary 
This chapter has elaborated the work to enhance FMAG software to enable the 
generation of DFMEA information for DFMAG implementation. The power train 
FMEA model developed earlier has provided the information needed for the DFMEA 
generation required in this study. 
The FMAG capability has been overviewed and expanded to meet DFMAG software 
requirements. Based on the use case diagram, the DFMAG flow diagram has been 
developed. A three-tiered design framework for DFMAG structure design has been 
adapted and constructed. FMAG has become part of DFMAG overall workflow 
process. User interface form objects were added and created for DFMAG application. 
The knowledge representation for DFMEA information was presented. Finally, the 
FMEA generation process is incorporated into DFMAG until the required DFMEA 
data is generated. However, before the final DFMEA information can be generated for 
the DST application in this study, the data input into the proposed DFMAG software 
leading to the generation has to be defined and implemented. This will be further 
discussed and elaborated in the DFMEA generation of Chapter 5. 
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Chapter 5 
DFMEA Generation Process 
17his chapter presents the DFMEA generation process that is implemented in DFMAG 
in order to generate the required DFMEA information. Since FMEA and DFMEA 
share the same information, the processes are carried out based on FMAG software in 
order to build the framework for the particular product design and FMEA model in this 
research. The framework provides a method for knowledge organization and reuse for 
the generation process and will form part of the proposed DFMAG software. 
5.1 DFMAG Applications 
DFMAG is developed in order to cater for two main applications in this research. The 
first application is to generate FMEA and DFMEA from new and existing designs. The 
second is to provide DFMEA information for the construction of a DST for new and 
existing designs. 
The above applications are developed by the enhancements made to FMAG software 
based on the work of the previous chapter. However, based on the FMAG approach, a 
new framework of a six-step process from constructing a conceptual design to FMEA 
generation has to be built for a new product or a particular design. Due to the 
requirement for DFMEA generation, another step is added for DFMAG application in 
order to accomplish the DFMEA generation. Thus the seven-step process that is 
required for new input data into the FMAG software for DFMAG applications is: 
a) Defining the design or product. 
b) Object formation (details given in section 5.3). 
c) Function selection. 
d) Model building. 
e) Cause and effect building. 
f) FMEA generation. 
9) DFMEA generation. 
The following sections elaborate the seven-steps to enable the required DFMEA 
information generation. The generated examples will be used for the problem cases and 
evaluation in this study. 
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5.2 Deflning the Design or Product 
In the very early stage of the process, the design or product is defined in terms of a 
conceptual model that is represented by a functional diagram. This is to relate the 
information about the components and functions to the data model before the actual 
data entry can be carried out. Based on the FMAG approach, a conceptual model can 
be constructed even if the full design details are not available. However, in an ideal 
case where functional and structural information are available, the conceptual model 
for a design or process can be created systematically. Although the conceptual 
modelling can be carried out in many ways, the FMAG approach suggested the 
following sequence of steps: 
a) Functional analysis 
b) Controls and mechanism 
c) Basic components selected for model 
d) Mapping the components to controls 
e) Combining function units into functional diagram. 
5.2.1 Functional Analysis 
The functional analysis starts with function or process decomposition from a high-level 
function statement. For the power train system case, the working elements are "to 
transfer the engine torque from the input shaft to different sets of gear to achieve the 
various final gear ratios outputs". The design also requires the gears to lock and unlock 
to achieve different gear positions. In order to achieve the "lock and unlock different 
gears" there is a need to introduce another sub-function that is the element of brakes 
and clutches. 
Thus basically the possible functions or processes in sequence that the gears and engine 
torque may have are: 
a) Input torque 
b) Activate clutches and brakes 
C) Generate motion 
d) Lock and unlock gears 
e) Transfer torque, and 
0 Output Torque. 
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5.2.2 Controls and Mechanism 
The controls and mechanism is determined by the enabling transferring process. In the 
above case, the planetary gear sets, annulus gear and the transfer gear will provide 
controls to the torque transferring process. Although in a complete automatic 
transmission system the electronic control systems such as Transmission Control 
Module (TCM), sensors, actuators and valve body controls the main process, it is not 
included as it is considered outside the system boundary for this study. Based on the 
FMAG approach these controls and mechanism are represented in an IDEF3 diagram 
as shown in figure 5.1. 
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Figure 5.1 IDEF3 Diagram for Power Train Process 
5.23 Identifying Basic Components 
This is done by identifying the basic components that will be used in a conceptual 
model by defining the other processes going on within the torque transferring process. 
Structural decomposition is used where the total system is decomposed into smaller 
sub-systems or components until a level where some of the components are mapped to 
the decomposed functions. The mechanism and controls will provide a guide to the 
level of structural decomposition. 
This step is optional if the components are in mind or the component list is readily 
available. A decision can be made on whether to consider all components or just those 
which are more likely to be involved in the FMEA. As an example for an automatic 
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transmission torque transferring process only certain components were selected for 
simplicity. Figure 5.2 shows the selected components decomposed from the 
transmission power train assembly. 
brake 
Low reverse Annulus gear 
Short nimion 
Carrier 
Forward sun gear 
End clutch 
Transfer drive 
Long pinion Idler gear Front clutch Rear clutch 
Reverse sun gear 
One-way clutch 
Transfer driven 
Figure 5.2 Component selected for Power Train Process System 
The next step is verifying whether the selected components can be established in an 
object class. For example, the entities "front clutch", "end clutch" and "one-way 
clutch" may be generalized into a "clutch" entity. There are two separate entities with 
their own identity and functions, but they have identical properties. Hence, the three 
types of clutch may be treated as separate classes. They represent specific types of 
clutch in terms of functionality and are very likely to be reused. 
The objective is to specify the component as specifically as possible while considering 
the value the component may have in the object library for reuse. This will not be a 
problem if the conceptual design is created based on an existing design. For a new 
design, an object can be chosen instead of creating one. This can be done by choosing 
one of the specific components in the object library before making further decisions. 
Figure 5.3 shows the structural decomposition chosen for the power train system. 
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Figure 5.3 Structural Decomposition of Power Train System 
5.2.4 Mapping Components to Mechanism and Controls 
This next step is the mapping of the selected components to the mechanism and 
controls. This is to establish the interactions for components corresponding to the 
functions. For example, to realise the function "activate clutcw', the [function unit]s 
piston - actuates - clutch plates and clutch plate - activates clutch are created. Thus by 
mapping the diagram in figure 5.1 onto the structural components, the IDEF3 
preliminary functional diagram is created as shown in figure 5.4. 
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(Based on FMAG Approach, Teoh 2003) 
5.2.5 Combining Function Unit into Functional Diagram 
The next step is the combination of the function units into a functional diagram. Based 
on the FMAG concept, there are two ways to construct a functional diagram depending 
on whether it is used for generating FMEA based on a new design, or to collect data 
into the FMEA. 
In order to generate FMEA for a new conceptual design, the first step is to divide the 
functional model into separate scenarios. This is done by dividing the functions 
according to sequences of events using function units to achieve certain states. The 
function units can be linked forming a chain of events. However, the number of 
scenarios may vary according to the design requirements. If the model is used for data 
collection only, the scenarios can be combined into one diagram as the FMEA will not 
be generated. This step is necessary to ensure that the failure modes due to separate 
conditions do not mix together during FMEA generation. 
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For example, in the case of the automatic transmission, the functional diagram to 
achieve various gear ratios is represented by six different scenarios. A power flow 
diagram is further drawn to determine the chain of events and effects that will be also 
be used for the problem cases in the evaluation. The six power flow systems are as 
follows: 
a) I" gear (D, 2, L range) 
b) 2 nd gear (D or 2 range) 
C) P gear (D range) 
d) 4th gear (D range) 
e) I't gear (L range) and, 
f) Reverse gear. 
5.2.5.1 1" Gear (D, 2, L range) 
In order to achieve the gear ratio in I st gear (1), 2, L range), the rear clutch and one- 
way clutch are actuated. The one-way clutch locks the annulus gear preventing 
anticlockwise rotation. The driving force is transmitted to the forward sun gear which 
rotates in the clockwise direction. Hence, torque is conveyed from the forward sun gear 
through the short pinion (counterclockwise) and the long pinion (clockwise) to the 
annulus gear (clockwise) to achieve the reduction ratio of the Ist gear. The functional 
diagram is represented in figure 5.5 and the visualisation of the sequence of power flow 
is as shown in figure 5.6. 
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Figure 5.5 Functional Diagrams for I't Gear (D, 2, L range) 
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5.2.5.2 2 nd Gear (D or 2 range) 
The rear clutch and kick down brake are actuated to achieve 2nd gear ratio. The 
driving force is transmitted to the forward sun gear which rotates in the clockwise 
direction. Therefore, torque is conveyed from the forward sun gear through the short 
pinion (counterclockwise) and the long pinion (clockwise) to the annulus gear 
(clockwise). However, since the reverse sun gear is fastened by the kick down brake, 
the long pinion rotates on the reverse sun gear, causing the annulus gear to rotate faster 
than in the case of I st gear. The functional and the power flow diagram are represented 
in figure 5.7 and figure 5.8. 
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Figure 5.8 Power flow for 2 nd Gear (D or 2 range) 
5.2.5.3 Yd Gear (D range) 
The rear clutch and the front clutch are actuated to achieve 3 'd gear ratio. Hence, 
driving force is transmitted from the forward sun gear and reverse sun gear. Since the 
short and long pinions rotate in the same direction, they are placed under a locked 
condition, causing the planetary gear set to rotate as one unit. The functional and the 
power flow diagram are represented in figure 5.9 and figure 5.10. 
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5.2.5.4 4 Ih Gear (D range) 
Power flow for 3 rd Gear (D range) 
The reduction ratio of 4th gear is achieved when the end clutch and the kick down 
brake are actuated. Hence, driving force is transmitted from the input shaft through to 
the planetary gear set to drive the annulus gear via the long pinion. Since the reverse 
sun gear is fastened by kick down brake at this time, the long pinions rotate while 
revolving the reverse sun gear in the same direction as the carrier. The functional and 
the power flow diagram are represented in figure 5.11 and figure 5.12. 
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Figure 5.12 Power flow for 4 Ih Gear (D range) 
5.2.5.5 1 s' Gear (Low range) 
The low and reverse brake and the end clutch are actuated to achieve the Is' gear 
reduction. Low and reverse brake is actuated to fasten the planetary carrier, so that the 
gear does not turn in either direction. Hence, torque is conveyed from the forward sun 
gear through the short pinion (counterclockwise) and the long pinion (clockwise) 
directly to the annulus gear (clockwise). The functional and the power flow diagram 
are represented in figure 5.13 and figure 5.14. 
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5.2.5.6 Reverse Gear 
Finally to achieve the counterclockwise rotation and reduction ratio of reverse gear, the 
front clutch and low and reverse brakes are actuated. The planetary carrier is fastened 
by the low reverse brake as in the I" gear ratio. This means that the driving force is 
conveyed from the reverse sun gear (clockwise) through the long pinion 
(counterclockwise) to the annulus gear (counterclockwise). The functional and the 
power flow diagram are represented in figure 5.15 and figure 5.16. 
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The transmission process shown above is an ideal case where all the required 
information is available for the modelling. There are cases when either the structures or 
functional information are not clear or available. It is suggested that the decomposition 
should be carried out with the available structure or functional information until the 
requirement is met. 
The FMAG concept allows implicit interaction representation in the model. It allows 
users to construct a concept based on what is in their mind rather than the actual 
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details. There are other components that are not normally involved in the main 
functional flow that may need to be considered. For example apart from the power train 
system, the transmission hydraulic system and electronic controls system are involved 
directly with the operation of the transmission. Failure in any of these systems will 
affect the whole transmission system. However, based on the adopted approach, we are 
able to consider which part of the system needs to be evaluated in the conceptual 
design. 
5.3 Object Formation 
Based on the Transformation System and the FMAG framework, the object library is 
made up of 6 basic objects, i. e. [object], [active environment], [human system], 
(operand], [technical process] and [technical system]. [Object] is created as the root 
object. The other five objects refer to [object] as their parent. Other objects can be 
created with reference to any of the basic objects as parents. 
When objects are created, a tree diagram is formed representing the object library. 
Components are selected from the object library from the created conceptual model. 
Any unavailable identified components in the conceptual model are added as new 
objects in the library. Three fields are also provided for object definition, i. e. Object 
ID, Object Description and Parent. For example, [technical system] has Object ID: TS, 
Object Description: Technical System and Parent: Object. Figure 5.17 shows some of 
the objects created for the power train system. 
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5.4 Function Selection 
The functional basis developed for DFMAG application in this research is based on the 
original work of Hirtz et al (2001) and Teoh (2003). In the actual implementation, the 
function selection is carried out in parallel with object formation which is based on the 
created conceptual model. According to Teoh (2003), it is important that standard 
terms are used within a design group or organization because the functions will be used 
as a key to retrieve FMEA data at a later stage. A list of functional basis for function 
selection that is developed for DFMEA generation process is as shown in figure 5.18. 
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Figure 5.18 Function Library 
5.5 Model Building 
In the model building, the Transmission System model is formed and represents the 
product or the main process of the design which has attributes identical to an object. 
The function units of the model are created based on the functional diagram and 
represent an interaction between an operator and an operand. Based on the FMAG 
approach, the model building is an iterative process and most likely, the function units 
created at the early stage are to be changed later after FMEA generation takes place. 
The model and the function unit that has been created are as shown in figure 5.19. 
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5.6 Cause and Effect Chain Building 
In the DFMAG application, the cause and effect building is based on the field failure 
report which is channeled into the FMEA database. The typical attributes captured in a 
failure report are the failures, the causes of failure and the solutions to the failures. 
Based on the FMAG approach, it is suggested that before data entry is carried out, the 
FMEA generation should be run for the particular function unit of interest to avoid 
redundancy of previous knowledge. This is also an iterative process which sometimes 
requires additional function units and may need to go back to earlier processes to 
recreate function units. An example of the cause and effect chain building for the 
power train system is as shown in figure 5.20. 
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Figure 5.20 Cause and Effect Chain Building 
5.7 FMEA Generation 
FMEA generation can either be used just as a report or as a guide to decide whether 
chain propagation needs to be extended when conducting cause and effect entries in 
FMAG approach. In DFMAG application the generated FMEA, which is based on field 
failure reports, will act as a guide to the actual product failures and will be the basis for 
DST development. Subsequently, this information will provide designers with 
information to decide on the alternatives in design and components. 
An example of a generated FMEA item for the end clutch is as shown in table 5.1. 
Based on FMAG approach, the RPN for the FMEA is added at the FMEA generation 
stage. Occurrence and severity are directly linked to the part state representing cause 
and effects and detection is related to current control table in the database. The selected 
generated FMEA item can be saved into the FMEA report (table 5.2) and can be kept 
as a separate file. Any changes to the reports will not affect the contents used for 
FMEA generation. 
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Table 5.1 Example of a Generated FMEA for End Clutch 
FMFA Gen eidtimi 
Ph, F N. F. I. ,. FaiureModes PoterttialCauses Occ LocalEffect NHElfacts EndEffects Say Cuff&*Cortiol Dat RPN Accept 
7 End Clutch End Clutch Cormo Not 
E rd Clutch 2 No 4th gm 
No 4th No 4th gear 2 
Replace erd 0 0' No PW*ary Carta cortrectm dwww gem clutch 
Table 5.2 Example of FMEA Report for Front Clutch 
W. 3727 rPart 7N 
Function Failure Mocies Potential Causes Occ Local Effects NH Effects End Effects Say Current Control 
on tronk onr 4 
Connects wput Not No Operating No Reverse No R No Reverse 0 Replace front Clutch , t shaft to reverse connecting Pressure 
0 
gear everse gear clutch sun gear I gear 
Connects wiput Not Front Clutch No Reverse No No Reverse 0 Replace front shalt to reverse connecting Damage 
a gear Reverse gear clutch 
I 
sun gear gear 
5.8 DFMEA Generation 
V 
This is the final process that will produce the DFMEA information for the development 
of the DST. The DFMEA information is represented by a straightforward and easy to 
understand knowledge representation as explained in Chapter 4. Similar to FMAG, 
DFMEA generation can be made from any components in the object library (figure 
5.21) and be saved as a separate report. Some of the DFMEA report lists generated for 
this study are as shown in figure 5.22. 
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r-7 tiff I rý 
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Figure 5.22 DFMEA Report 
Finally, the seven step process which is based on the expanded FMAG software and 
approach has enabled DFMEA to be generated for the infonnation required in this 
research. A complete working instruction guide and examples of FMEA/DFMEA 
generation process is also provided in Appendix C. The overall DFMEA generation 
process described above is represented in figure 5.23. 
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Figure 5.23 DFMEA Generation Process 
5.9 Summary 
This chapter has presented the seven-step process for DFMEA generation which is 
based on the adapted FMAG generation approach. The design models of the power 
train system have been defined in detail and the software has been tested with this data. 
The framework leading to the DFMEA generation process has enabled the final 
DFMEA report to be generated that will be used to build the DST. The working 
instructions of the DFMEA generation process have also been provided. This 
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generation process has formed the first part of the proposed DFMAG software. The 
second part which includes the DST design and development will be further elaborated 
and demonstrated in the following chapter. 
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Chapter 6 
DST Software Design and Implementation 
This chapter mainly discusses the extension of the DFMAG software to design and 
develop the DST prototype model as discussed in Chapter 4. To case the discussion, 
the early software pre-development and low-fidelity prototyping design will be briefly 
introduced. This is followed by detailed elaboration of the model development. Finally, 
the rest of the software implementation will be discussed. 
6.1 Software Design 
The design was conducted in three stages. The first stage involved developing the 
model for DST. The second stage concentrated on the development of the prototype 
based on the model proposed and third stage is the evaluation carried out to validate the 
DST in actual practical situations. 
Based on the Lifecycle interaction design model by Preece et al. (2002), identifying 
users' needs and establishing requirements were addressed for the modelling stage. The 
aim was to understand as much as possible about the users and produce a stable set of 
requirements from the needs identified. A structured interview was carried out with a 
small group of automatic transmission technicians and diagnostic tools users on the 
subject of how they perform and retrieve repair procedures. This is to provide 
additional input into the construction of the model and formed the basis of the 
conceptual, through task description of the proposed system. In the second stage, the 
interactive version of the prototype was built based on the task descriptions. 
A low fidelity prototype was used to clarify users' needs and requirements related to 
the content and structure, screen design and learning how to use the system. The model 
produced in turn, was used to design the prototype. The informal evaluation was an 
input to the redesign and development of the high fidelity prototype which will be 
elaborated in the following sections. The third stage is concentrated on the evaluation 
to validate the prototype as compared with the existing methods used. 
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6.2 Stage 1: Pre - Development Needs Evaluation 
A small-scale needs evaluation exercise was undertaken to inform the development of 
the DST prototype. The approach and scale was similar to that undertaken by Rodden 
(1999) on information retrieval but was modified to suit the exercise. 
A total of eight automatic transmission technicians from the Transmission Expert 
Centre, Malaysia were selected for the study. All respondents used the diagnostic tools 
to diagnose problems related to engine and transmission systems and were also familiar 
with the use of personal computers. They were also experienced and familiar with the 
use of transmission repair manuals in solving any related problems. In the interview 
sessions, each was asked about their current practice and problems. They gave their 
opinions on how they solve the transmission problems which are not detected by the 
existing diagnostic tools. All were asked the same questions as attached in Appendix 
D. 
The structured interview schedule was divided into three sections. The first elicited the 
respondent's background knowledge on using diagnostic tools and computers. The 
second focused on automatic transmission repair experiences and the third focused on 
their current practice in solving the transmission problems. The interviews were 
recorded to gather a detailed sense of what the users said during the interview sessions. 
6.3 Stage 2: Low Fidelity Prototyping 
According to Preece et al. (2002), as part of the lifecycle model for interaction design, 
an initial evaluation could be done using a low fidelity prototype at an early stage of 
development. Through low fidelity prototype evaluation, potential usability problems 
can be identified at an early stage in the design process before any programming code 
has been written. Based on the task description, the low fidelity prototype was used for 
the initial design, The intention was not to test it in depth but to clarify requirements 
for draft interaction, diagnostic tree development problem cases and repair procedures 
design. 
Three automatic transmission experts and trainers participated in the low fidelity 
prototype informal evaluation. Each of them went through all the tasks for the 
troubleshooting system cases, diagnostic tree, transmission information and repair 
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procedure in detail. After completing the tasks, they were asked to give feedback 
related to the content, structure and screen design of the system through a structured 
interview. Details of the low-fidelity evaluation carried out are in Appendix E. 
6.4 Stage 3: DST Evaluation 
The main purpose of the evaluation was to verify the DST methodology and prototype 
application. The case studies were carried out during the month of January 2006. Three 
different levels of automatic transmission technician were identified from the 
recruitment questionnaire. None had taken part in any previous related test. Details of 
the evaluations carried out are as discussed and elaborated in Chapter 7. 
6.4.1 Pilot Test 
The pilot test was conducted in order to "debug" the equipment, software, material and 
procedures that were to be used for the real evaluation. Three subjects participated in 
the pilot study. All were diagnostic tools users and had experience in automatic 
transmission repairs and evaluating a variety of diagnostic tools software related 
services. Based on their feedback and observations, several changes were made to 
screen design, evaluation and procedures. It was decided: 
a) To provide additional time for free exploration of the prototype in order to allow 
fain iliarization with the DST prototype. 
b) To provide additional tasks for multiple causes for each problem symptom. 
c) To provide new diagnostic tree building in reporting new problem causes. 
d) To provide an additional section for new repair information update and reporting. 
e) To make several minor ad ustments to the user guide for better understanding Ii 
such as more graphical examples for each step. 
6.5 Proposed DST Model Design 
The DST system model proposed in this research is based on the literature review and 
data collected from the small-scale user study. The outcomes were used to develop the 
user task and the use case diagram, since the emphasis is on user- system interaction. 
6.5.1 Small-Scale User Study Outcomes 
Based on Ismail and O'Brien (2004), to gain user input on the design of the proposed 
system, an exploratory study through a structured interview was used to investigate 
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how the diagnostic tools and manual users retrieve their repair information. From the 
interview session, among the data that was gathered were the following points: 
a) There was a ready acceptance of the diagnostic tools technology and repair manual 
by all the participants even though there was sometimes frustration in making sure 
the information is always finclable. 
b) It was found that most of the diagnostic tools available are related to electrical fault 
and engine management systems. When the problems cannot be solved by these 
tools, reference has to be made to experienced technicians. 
c) It was clear from the participants that they would like to have more information 
associated with transmission problem cases and repair procedures which they 
perceive will improve repair time. 
d) Most of the participants found that the written repair manuals are more related to 
repair guidelines and repair infort-nation. They would like to have more information 
as to the actual problems cases and repair procedures to which they can refer 
directly and for this to not be time consuming. 
e) All participants agreed that there should be a system where all the field problems of 
the transmission are recorded and compiled so that these problems should be 
improved by the designer or the manufacturer. Three participants also 
recommended that if the knowledge of the experienced technician could be 
recorded and compiled, this can be a reference to the junior technicians. 
f) All participants agreed it would be a good idea to have a diagnostic service tool 
knowledge base which could supply information regarding the existing common 
transmission problems and repair procedures presented in software which is easily 
accessible through the computer instead of the written manual. 
The outcomes of the interviews and literatures informed the DST prototype system 
development and task description. 
6.51 Assumptions 
The proposed model for DST is based on two assumptions: 
a) Data gathered from the literature review on user studies on diagnostic tools and 
transmission repair information is sufficient as the basis for the modelling of the 
DST. 
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b) Small group automatic transmission technicians participated in the initial study in 
order to provide additional input of user requirements. Data gathered from this 
group was used to assist the construction of the model. 
6.53 Task Description 
The descriptions of user tasks with the "use case" were used to develop and envision 
the user tasks for the automatic problem cases and repair procedures information 
retrieval. A "use case" for retrieving problem cases and repair procedures with a 
selection menu is as follows: 
1. The system prompts the user with the diagnostic tools front page 
2. The system provides the user with selection menu option 
3. The user logs into the system with the selection chosen menu modes 
4. The system prompts the user with the retrieval strategies option 
5. The user retrieves the problem cases using the chosen retrieval strategy 
6. The system searches and displays the searching results based on the user input 
7. The system prompts the user with the problems analysis 
8. The user follows the system instructions to analyse the problems 
9. The system displays the recommended action from the problems analysed 
10. The user browses the retrieval results 
11. The user keys in new repair procedures. 
Figure 6.1 shows the "use case" diagram for the proposed DST system. 
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Figure 6.1 Use Case Diagrams for DST System 
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6.6 Designing DST Prototype 
Based on the task description and the use case diagram, the workflow diagram (figure 
6.2) was sketched. This in turn is based on the initial design of the low fidelity 
prototype and was proposed to get fast feedback from users on the initial prototype 
design. The initial design was sketched on paper and mocked-up in Microsoft Power 
point. 
The series of screen shots of the low fidelity prototype version was developed and used 
to clarify users' requirements related to the screen design and problem cases. Figure 
6.3 shows an example series of screen shots of the low fidelity prototype showing the 
flows of how a user can use the proposed system. A complete set of screen shots 
presented in the Microsoft presentation is available in Appendix F. 
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Figure 6.2 Low Fidelity Flow Diagram 
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Figure 6.3 Series of Screen Shots in PowerPoint of the Low Fidelity Prototype 
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Initially, the system prompts the user through the screen and provides selection options 
to choose. The user can proceed to select the problem symptoms from the list (Screen 
B I) or analyse symptoms (Screen 132). Based on the selected information the system 
will analyse the problem (Screen CI). If the problem is linked to other components and 
questions, the problem will be analysed further (Screen C2) until the requirement is 
met and then the recommended action is shown in Screen D. Screen El shows the 
retrieval result of the repair procedure. The user can report and create a repair 
procedure for new problem cases (Screen E2) and the data will be stored in the 
diagnostic database. 
The screen shot for the design involves the information and sequence of screen after 
some tasks. In the low fidelity user evaluation session, three automatic transmission 
trainers were asked to carry out a diagnosis task, using the low fidelity prototype in a 
power point presentation. 
After the session, they were asked questions about the screen design and the leaming 
process of how the system can be use to solve the problem symptoms. 
6.6.1 Low Fidelity Evaluation and Action 
In general, all three of the users found that the screen design and information for the 
system was clear and adequate for the problem symptoms. They also found that the 
system was easy to understand and use to retrieve the repair information. The following 
summary (table 6.1) provides the problems experienced and the action taken. 
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Table 6.1 Problems and Action Taken 
I Issues Action Taken 
I Users generally do not know about DFMEA and the Add explanation in DST 
relation with DST. However, once the explanation user guide 
was given, they had no difficulty in understanding 
1 
the relationship 
2 It was not clear to some users how to specify the Create additional 
problem detail and the diagnostic tree development diagnostic tree tool to 
for problem cases not found in the system the system so that the 
user can specify new 
problem details 
3 Users were interested more in the diagnosis method Remove the transmission 
leading to the repair procedure as compared to the infori-nation from the 
transmission information. system 
4 Users were confused either to follow the Combine the two 
recommended action or the repair procedure diagrams into a repair 
diagram and explanation procedure. 
5 Users were not sure who should create and report Explanation given 
the new repair information for the system 
Based on the low fidelity evaluation and action, the flow is sketched and built using 
Visual Basic fonn as presented in figure 6.4. The following sections describe the DST 
application structure, tables, components and the work flow leading to the development 
of the high fidelity prototype. 
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Figure 6.4 DST Flow in Visual Basic 
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C2 
Analyse the Problems 
6.6.2 Application Structure 
The DST is an extended application for DFMFA that identifies suitable actions for 
specific part failure. Hence, it utilizes the created failure mode data from 
FMEA/DFMEA to determine further characteristics of parts failure. 
Apart from having general limited information on the part failure, the user can specify 
extended symptoms in the form of Yes/No Questions to further pin-point a specific part 
failure. As a result, a tool is created in the form of a diagnostic service tool which is 
practical to be used in real life. Figure 6.5 shows the application structure of the 
proposed DST. 
Diagnostic Tree Tool 
Automated Wizard build 
DST tlo\N 
FMEA 
DATABASE 
Automated Wizard to identify 
part failure/ 
recommended 
Repair Information 
Tools to create repair procedure 
DIAGNOSTIC 
DATABASE 
Figure 6.5 DST Application Structure 
DST acquires information from the FMEA database for part failure information. This. is 
used by both the "Diagnostic Tree Tool" and the "Diagnostic Tree Wizard" module. 
The following is the table information acquired with the corresponding usage. 
1. Model. [Model ID1. Part. [Part Name] - Model Name 
2. Part-[ Part I D], Part. I ["art Name] - Part Name 
3. [Functional Unitl. [Part IDI, [Functional Unit]. [Part Name] - Subject Name 
4. Property. [ Property IDI, Property. [ Attribute] - Effect 
5.1 Part Statel. [State I DI, [Part Statel. [State Description] - Symptoms. 
115 
6.6.3 Diagnostic Tree Tool 
Before DST can be utilised, information on parts failure has to be built. This can be 
done by using the Diagnostic Tree Tool (DT-F). DTT will collect information from 
DFMEA database and display in the -select object parts" column (figure 6.6). 
The user can select any related object to specify the detailed problem. DTT will create 
additional characteristics of the part failure with Yes/No questions, specify the 
recommended action, and create a link to the repair procedure information. Example 
questions created for the selected part "end clutch" is as shown in figure 6.7. 
UR Didgriostic I MIA 
Specify Problem Details 
Select Model 
Select Ob)ect Parts 
End CkAch 
Forward Sun Geai 
Ffort CkAch 
ipt* shaft seat cap 
Kick dowrý Band Brake 
Low/Reverse Brake 
One Way CkAch 
fear Ckstch 
i : I! j 
Please Speclfý Proble 
- 
m's Symptom 
BaCk Next 
For Hallp, press FI Line 8: Total NrWS: NUM 01: 35 
Figure 6.6 Information from DFMEA Database 
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I 
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I 
Back Finish 
1 
For Heip, prffl F1 Lre #: Total kres: NLM 01: 33 
1 
Figure 6.7 Questions Created for End Clutch. 
There are two database tables created for the DTT process. The first table [Diagnostic 
Tree] holds information on questions, their answers, linkages, corresponding 
procedure and question reference. The second table [Tree_Refl keeps references to 
created parts including Model, Parts Name and Symptoms. The overall process of DTT 
is presented in the flow diagram as depicted in figure 6.8. 
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Figure 6.8 Diagnostic Tree Tool Work Flow 
6.6.4 Repair Information 
The repair information module created enables the creation of repair procedures for 
specific items having corresponding problems to assist DST users in selecting the 
proper action on the specified failure. The repair information contains a list of repair 
procedures that can be linked with the DST. The components in the repair procedure 
include the following: 
1) Procedure ID - Auto generated procedure ID for reference and linkage. 
2) Procedure Name - Def ine type of procedure 
3) Model - Corresponding model ID (manufacturer model ID) for the failed parts 
4) Cause - Cause of failure for the parts/ component 
5) symptoms - List of sign indicating parts problems 
6) Repair - Steps or procedure to repair the damaged components / part 
7) Remark - Additional information/ action for the repair procedure 
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An example of a repair procedure created for the study from the symptoms of "No 
Forward Gear" or "D, 2, L range" results from the component sun gear. The system 
will display the repair procedure for the repair action as shown in figure 6.9. The repair 
actions suggested are the actual field service information initially gathered by the 
researcher for this research. 
Procedure ID 
Proced" Name 
r-ward sun UB& 
Model 
ý-175 
Cause 
Z ard sun goar (FSG) I dary%3ged. ; I 
otim, ocaffs as a result of poor 
icabon. 
O-W 
Syrrq: )tc)rm 
ýnipossble forward drmm; 
Stall Ost ki D. 2, L rarge stall : out of upper speciftatiol 
HI-SCAN check : no tlxble Code 
f 
a 
V 
a Itm pLaretary carrier assembly. 
R to now pston DýIrq. 
te vatve body. 
Remark 
I 
Fngý poer may not tý- transmOtpd n 0,2, L range. 
'V 
Figure 6.9 Repair Procedure for Sun Gear 
All the data on repair information is stored in the [Repair_Procedurel table. Users can 
directly retrieve the available repair information from the selection menu, update it and 
make amendments. 
Lists of repair information created are stored in the [ Repair- Procedure] table as shown 
in figure 6.10. The questions from the DTT are then related to the repair information. 
The relationship is presented in the flow diagram in figure 6.11. 
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Repair Informations 
Procedtxe Model No 
6 seal ring (riput shaft, tapron type) worn repair iW175 
7 Oil pan repair KM175 
8 one way dutch (OWC) repair KM175 
9 Forward sun gear (FSG) repair 04175 
10 Input Shaft Assernl* PA175 
11 Reverse sun gear (RSG) r" KM175 
12 ATF oi seal cap repair l(M175 
13 The chiB6 ball repair 10AI75 
14 The lower separating plate )et repair OA175 
15 The wave sprvig repair KM175 
16 The thrust washer repair I(M175 
17 The end dutch piston D-nng repair 04175 
18 The oi seal of end dutch retaim repalir 04175 
19 The sPA ring of end dutch retainer repair KMI75 
20 The snap ring of retum spring repair KM175 
21 The srW ring of end dutch ret" repair KM175 
22 The blod( pipe of end clutch oil passage repair KM175 
24 The O-ring repair KM175 
25 The kick down dirw repair KM175 
I( 
11 1 
New Procedure 
Figure 6.10 List of Repair Infonnation. 
DTT Question on 
parts failure 
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No 
I Yes 
Recommended Action Repair Procedure Available? 
No 
Finish 
Figure 6.11 DTT Questions and Repair Information Relationship 
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6.6.5 DST Work Flow 
To assist the user in specifying parts failure with corresponding symptoms, DST gives 
options for users to select either from the pre-set symptoms available in the symptom 
list or to manually specify their parts and symptoms using the Problem specifying 
form. Once the Parts failure information has been built using DTT and linked to Repair 
information if available, the DST can be used. 
If the user chooses to specify parts and symptoms combination manually, the system 
will search for the availability of corresponding information in the database. DST will 
prompt the user if the information is not available. Otherwise, it will start the question 
and answer process. The purpose of having Yes/No questions is to determine the exact 
problems of the specified symptoms. The information in the FMEA database for the 
part failure (e. g.: cause, symptoms) are limited and usually specified in general. Some 
symptoms shown may have been caused by several different types of parts/ component 
failure. In this case, DST will help to determine the corresponding cause by further 
elaborating failure symptoms in the form of Question and answer. The flow diagram is 
as shown in figure 6.12. 
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Figure 6.12 Diagnostic Tree Wizard Work Flow 
Based on the DST flow diagram above and the low fidelity prototype evaluation, the 
final screen shots are as shown in figure 6.13. A clearer view of the screens are shown 
in figures 6.14 to 6-20. Details of repair information retrieval and diagnostic tree 
building procedures are given in the DST User Guide of Appendix G. 
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Figure 6.13 Screen shots of DST prototype 
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Figure 6.15 Screen B- Specify Problem Symptoms 
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6.7 Summary 
in summary the aim to build a prototype DST based on the generated diagnostic data 
and field service information has been met. The earlier stage involved small-scale user 
studies to develop a model for DST. This was followed by the development of the 
diagnostic tree tool and finally a prototype system based on the proposed model. 
The initial design and informal evaluation of the low fidelity prototype which was 
based on DST modeling has been discussed. The outcomes were used to develop the 
user task and the emphasis was on user-system interaction. The work flow and 
components of DST prototype was given, including an explanation of interaction, 
retrieval strategies and diagnostic tree building in relation with the design of the 
prototype. 
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A prototype is a limited version of the real world system. It has therefore a limited 
number of problem cases and repair procedures, but it can do typical functionality of 
diagnosing and repair activities of a normal diagnostic system. Discussion of the 
evaluation carried out to validate the DST prototype software and the proposed method 
by automatic transmission technicians is given in the next chapter. 
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Chapter 7 
Evaluation 
This chapter introduces the evaluation conducted to verify the DST methodology and 
validate the prototype application. The evaluations were based on actual automatic 
transmission problems input from the Proton service and repair centre, in Malaysia. 
The evaluations are carried out in two stages. The first stage is to test the DST 
methodology and framework theoretically by solving a set of automatic transmission 
problems. The second stage is to validate the use of DST in actual practical situations. 
This is to ensure that the prototype DST is valid and comparable to the existing 
transmission diagnostic service tools. 
7.1 Evaluation Situations 
The evaluation studies were carried out in two different situations. The first stage was 
carried out theoretically to determine that the DST methodology and framework in 
solving the transmission problems was comparable to the available manuals. Although 
only four major problems cases are selected for the evaluations, it is felt that this is 
sufficient to represent the actual problems faced by the existing KM series automatic 
transmissions. The second stage evaluation is carried out practically by the technicians 
involved in servicing and repairing so as to validate the prototype DST in solving 
actual practical situations. 
The first evaluation is to detennine whether the technicians with various skills can 
diagnose and repair correctly either by using the manuals or DST. This is done by 
determining the Hit Rate of the two methods. The second stage is done by comparing 
the time taken to complete the given tasks for both methods. 
In total 69 students undertaking the Diploma in Automotive Maintenance from 
University of Kuala Lumpur participated in the evaluation. These students were given 
one year exemption from a three year course due to their working experience and had 
already passed at least Malaysian Skills Certificate Level 2 and Institute of Motor 
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Industry United Kingdom (IMI) Certificate Level 1. 'llie, four major KM series 
transmission problems earlier idcntif icd were used for the evaluation which includes: 
a) Case 1: No Forward and Reverse Gear 
b) Case 2: No Forward Gear 
c) Case 3: No Reverse Gear 
d) Case 4: No Fourth Gear 
7.2 Stage 1 Evaluation Background 
This section introduces the background of stage I and discusses the approach carried 
out during the evaluation. The evaluation was conducted using a double-blind method 
to determine the Hit Rate or the percentage of problems cases correctly diagnosed and 
repaired by the technicians from diagnostic sessions. There were two sessions caff ied 
out for each technician level. 
in general they are required to: 
a) determine the possible causes of each of the transmission faults 
b) extract the troubleshooting procedure process to examine the problem 
c) explain briefly the required action to rectify, repair or replace any faulty parts and 
components. 
In the first session they were asked to diagnose and suggest repair action using repair 
manuals and documentation. For the following session they performed the same task 
by utilizing the DST only. They were given a short briefing regarding the DST and 
ample time to complete the tasks. Initially, they were also given the time to read the 
DST user manual and allowed to browse through the system. Details of all the 
questions given for Stage I evaluation are in Appendix H. 
7.2.1 Hit Rate using Manuals and Documentation 
in order to meet the objective the test was conducted to determine the ability of each 
level to diagnose and suggest repair actions correctly for all the four transmission 
problems cases by using the repair manuals. Each level was given sets of questions to 
answer. The possible causes of the problems can be initially determined by referring to 
the data of the working elements and the power flow system of a power train system as 
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shown in table 7.1. Then further reference should be made to the transmission element 
for each gear position as depicted in table 7.2. 
For a car to move forward in the I' gear position, by referring to the table of the 
working elements, it can be seen that the parts involved are the rear clutch and one way 
clutch (OWC). By knowing the working elements further references are available for 
all the related components in the manual. A simple diagnostic tree can then be drawn to 
examine the problem and the required repair action as shown in figure 7.1 below. 
Table 7.1 Power Train Working Elements 
Operating Elements Code Functions 
Front Clutch Cl Connects input shaft and under drive sun gear 
Rear Clutch C2 Connects input shaft and reverse sun gear 
End Clutch C3 Connects input shaft and overdrive planetary 
carrier 
Low reverse brake B2 Locks low and reverse annulus gear and 
overdrive planetary carrier 
Kick-down brake BI Locks reverse sun gear 
One way clutch OWC Locks low and reverse annulus to anti- clockwi ý. 
] 
Table 7.2 Transmission Elements in use at each gear position 
Front 
Clutch 
Rear 
Clutch 
End 
Clutch 
Kick-down 
brake 
Low reverse 
brake OWC 
Parking (P) 
Reverse (R) 0 
Neutru-I (N) 
Drive I st 0 0 
Drive 2nd 
Drive P 
(OD ofl) 
0 0 
Drive 4' 
(OD on) 
L Range I st 
I 
10ý 
I 10 1 
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Figure 7.1 Diagnostic Tree 
7.2.2 Hit Rate using DST 
The aim of this evaluation is to test the ability of the technicians to diagnose and 
suggest repair actions by using the DST prototype. The technicians of the three levels 
were given the second task after all had completed the first task. They were given the 
user guide and DST software window readily available on the computer screen 
workstation as shown in figure 7.2. 
Welcome to the Diagnostic Service Tools 
T he took wd gude ym to daqýe ym ObPd ComPonents 
i 
1 F- 
ýz Start DIagry)qe 
I 
or 
Select From Existing SVryiptorns 
Lft *ý Total 6ý: 
Figure 7.2 DST Window 
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By browsing the DST, a list of existing symptoms can be selected from the database as 
shown in figure 7.3. 
- ------------ ------------- I ............ . .............. ...... ..... . ... ............ . ................. Select From Existing Symptorm. 
................. ................ ............... ................ ................ ................ ................. ......... I 
Part Mocel nptOM A 
TorqLe Converter Transffmon System No forward and reverse gear 
Rear --kitch Transffesm System No forward gear End Ckitch Transmision System No 4th gear 
Low/Reverse Brake Transmision System No R ever. -e Gear 
Figure 7.3 Transmission Existing Symptoms 
The related problem is then selected and the causes analysed in detail according to the 
instructions as shown in figure 7.4 until the recommended actions are presented. The 
repair procedure and action can be selected for each of the possible causes from the list 
of repair information as shown in figure 7.5. 
the Problems 
the Problems 
Analyse the Problems 
p-. &- n 
L6 
-- --- 
e-tOd- N. - 
r. t1. -t -1 
0-y- 1-ge 
Stall bast rP range Stall : oUt Of L4*w sp-k~ 
M- n 0.2, L range 
Figure 7.4 Transmission Problem Causes Analysis and Recommended Action 
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Repair Inforrnations 
Procedure Model No A 
torque converter repair KM17'3 
2 oil piTip repair KM175 
71 3 Clutch Disk repair KM175 
4 Riax dutch pressure check bolt repair KM175 
5 Repair Valve Bodr KM175 
5 seal reg (riput shaft, tapron type) worn repair KM175 
7 Of pan repair KM175 
a ore way clutch (OWC) repair KM175 
9 Forward sun gear (FSG) repair KM175 
10 Input Shaft Asswt* KM175 
11 Reveirse sun gear (RSG) repair KM175 
12 ATF oil seal cap repair KM175 
13 The check ball repkv KM175 
14 The lower separating plate jet repair KM175 
15 The wave spring repair KM175 
16 The thrust washer repair KMI75 
17 The end dutch piston D-fing repair KMI75 
18 The oil seal of end clutch retainer repair M75 
19 The seal ring of end dutch retaner repair KM175 
New Proced" 
For H*, press FI Lee Total bas: NLI4 Z2: 13 
Figure 7.5 Transmission Repair information List 
7.3 Stage 2 Evaluation Background 
The evaluation was conducted in an actual automatic transmission training and repair 
shop. A total of 18 selected technicians who are currently working or with working 
experience in automatic transmission servicing and repairing comprising 6 from each 
level participated in this evaluation. The main aim was to determine the total repair 
time taken by each level by both repair approaches. 
There were two sessions carried out for this stage for each case problem with a total of 
8 sessions. For the first session the subjects were required to diagnose and repair using 
the manuals and for the second session by using the DST prototype. The author, with 
the help of several trainers, prepared the transmissions by creating different causes 
contributing to each of the problems. Each technician was given a complete 
transmission on a working bench and repair toolbox. They were given a set of 
instructions for each problem case. Details of all the instructions given for stage 2 
evaluations are in Appendix 1. 
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The main task is divided into five smaller tasks in order to complete each case problem. 
The times for each smaller task are recorded in order to determine the time breakdown 
for the whole task. The task breakdown for all the case studies includes the following: 
a) Diagnose the causes of the problem. 
b) Dismantle the transmission and analyse the symptoms. 
c) Repair or replace the affected parts correctly. 
d) Assemble back the transmission according to the standard procedures. 
7.3.1 Repair Time using Manuals and Documentation 
The evaluation was conducted to determine the total repair time taken to do all the 
repair work by referring to the repair manuals. Each level has undergone a total of 4 
sessions to complete the evaluations. In order to initiate the repair, the participants 
should refer to the repair manuals to determine the specification of the transmission. A 
sample of the specification used in the evaluation is as shown in figure 7.6. 
Item Content 
Vehicle, engine type 1 ý8,2.0 
ATM MODEL KM175-5 
Forward 4 speed, reverse I speed (3 shaft structure) 
Control type Shift pattern : electronic control (sensor type) 
Damper clutch control : electronic control (solenoid type) 
Select type P-R-N-D-2-L (6 mode control) 
with over drive s/w and power/economy mode 
Torque converter type 3 elements I stage 2 phases 
with damper clutch system, identification mark : #76 or #52 
length, weight length: 405mm, weight: 63kg 
Gear ratio I st : 2.846 2nd :Iý 581 3rd : 1.000 4th 0.685 reverse: 2.176 
Final gear ratio 4.007 (1 st x 2nd 1.1250.562) 
Element of engagement Front clutch disc 3 pieces 
(clutch & brake) Rear clutch disc 3 pieces 
End clutch disc :3 pieces 
Low & reverse brake disc :6 pieces 
Kick down brake band :I 
Oil pump specification Trocoid type oil pump 
Planetary gear type Labinux type planetary gear 
Sensor Inhibitor s/w, pulse generator-A, B, kick down servo s/w, oil 
temperature 
sensor, shift control solenoid valve-A, B, pressure control solenoid valve, 
damper clutch control solenoid valve 
ATF oil 6.1 liter 
Figure 7.6 KM 175-5 Automatic Transmission Specification 
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By looking at the working elements and the power flow system the possible 
components causing the related problems can be detected. Analysis of each of the 
causes is carried out and a trouble shooting guide or diagnostic tree is drawn. This 
determined the causes and possible repair action needed. 
A sample of a diagnostic tree for a problem of "No Forward" gear is as shown in figure 
7.7. Verbal explanation of the possible causes was given to the examiner before 
proceeding to the next task. The transmission was then disassembled and the possible 
component inspected to determine the actual causes. The required repair action or parts 
replacement was then carried out and the transmission reassembled. Special attention 
was given to the use of special tools and the tightening torque. The total time to 
perform each task was recorded. 
v 
Check the input 
shaft seal ring 
T 
Does the input shaft seal 
nng worn. ) 
Check the input 
shaft seal cap 
NO Hydraulic No 
pressure leakage 
Yes 
Hydraulic No Repair rear 
pressure leakage clutch disc 
Yes 
v" No Rear clutch D- No Does ft meld cap wom ?10. fing dwnW - fp-ý 
Yes 
Figure 7.7 
7.3.2 Repair Time Using DST 
Input shaft sW No 
cmpduup 
No Forward Gear Diagnostic Tree 
These tasks are similar to the first task but are carried out by referring to the DST 
prototype software. Each subject was supplied with DST software available in a laptop 
computer. The causes of problems are directly referred to the existing symptoms 
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available in the software. Analysis could be done for every cause by following the 
instructions. The recommended action and repair procedure could then be identified. 
The transmission was disassembled and inspected according to the diagnostic tree 
instructions. The main causes identified were repaired and the transmission 
reassembled. The time for each of the tasks breakdown was recorded. 
7.4 Evaluations Result 
The results of all four evaluations of stage I and 2 answer sheets are collected and the 
repair time compiled by the author together with the centre experts. The final results 
were then evaluated and approved by two transmission experts from Proton and 
Hyundai Motors Malaysia. 
7.4.1 Stage I Evaluation Result 
There were 51 students from 3 groups participating in the first stage. The first group 
consisted of 21 students of Level 1. The second groups were 19 of level 2 students and 
the third groups were II part-time students who are full-time working technicians in 
service and repair centres. The average Hit Rate between using Manuals and DST is as 
shown in table 7.3. 
Table 7.3 Hit Rate 
Level Manual (%) DST (1/o) 
1 29.8 81.0 
2 60.5 93.4 
3 84.1 97.7 
I Average 1 58.1 1 90.7 
Average hit rate using the DST was significantly better than using just the technical 
repair manuals. DST presented the technician with a focused and precise course of 
action and also a reduction in false part replacements. On the other hand, the 
technicians had to devise a troubleshooting strategy independently by using the repair 
manuals. 
137 
7.4.2 Stage 2 Evaluation Result 
There were 18 selected technicians from 3 groups participating in this stage. Each 
group consisted of 6 technicians participating in each case study. The bar charts of time 
taken to complete all the tasks versus each Level are shown in figures 7.8 to 7.11. The 
overall average repair time for all levels is depicted in figure 7.12. 
Figure 7.8 Case I- No Forward and Reverse Gear 
100.0 
80.0 
60.0 0 Manuals 
40.0 E DST 
20.0 
0.0 
Level 1 Level 2 Level 3 
Figure 7.9 Case 2- No Forward Gear 
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100.0 
80.0 
60.0 0 Manuals 
40.0 N DST 
20.0 
0.0 
Levell Leve12 Leve13 
Figure 7.10 Case 3- No Reverse Gear 
100.0 
80.0 
60.0 E Manuals 
40.0 0 DST 
20.0 
0.0 
Level 1 Level 2 Level 3 
Figure 7.11 Case 4- No Fourth Gear 
I 
60.0 
40.0 
lk, 
0.0 
1ý ý 
Case I Case 2 Case 3 
Manuals 
M DST 
Case 4 
Figure 7.12 Overall Average Repair Time for all Cases 
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In all the evaluations, the time taken to complete the task decreases as the technician 
level increases. This is because Level I technicians needed more time due to their skills 
level and work experience which are less than other levels. However, in all the cases 
the overall repair time has improved by utilising DST when compared with the repair 
manuals. The total average time improvement is much higher for Level I as compared 
to other levels as shown in table 7.4. 
Table 7.4 Average Time Improvement for all Cases (mins. ) 
cl C2 C3 C4 AN 
16.4 17.5 18.2 19.4 17.9 
2 9.5 10.7 11.2 11.3 10.7 
3 4.0 4.6 5.3 6.0 5.0 
The difference in repair times between all levels when using the same diagnostic 
method stems probably from the fact that experienced technicians can perforrn the 
same procedure faster. DST can shorten the "thinking" (diagnosis) time and minimizes 
the number of redundant test and repair activities but cannot affect the "hands-on" 
time. The time improvement is influenced by the actual time spent on performing the 
diagnostic and repair activities. 
The initial standard deviation for Level 3 technicians was significantly better and about 
half of that of the less experienced of Level 1. In general, by utilizing the DST, the 
standard deviation has improved and became more uniform for both Level 2 and Level 
3 populations. This is depicted in table 7.5 below. 
Table 7.5 Average Time and Standard Deviation for all Levels 
Level Manua l DST 
Average SD Average SID 
1 86.8 5.133 68.8 5.02 
2 62.5 3.2 8 51.8 2.95 
3 45.8 2.74 43.3 2.61 
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7.4.3 Task Breakdowns Time Result 
The average task time breakdowns for each case is as shown in table 7.6 to table 7.9. 
Table 7.6 Case I- No Forward and Reverse Gear 
Level Dia ose Dismantle Repair ] - Assemble 
Manual DST Manual DST Manual I DST Manual DST 
1 19.5 6.5 23.8 22.5 15.2 13.3 32.0 31.5 
2 12.5 4.8 19.0 18.2 12.0 10.7 21.7 21.3 
3 7.3 5.3 15.5 14.5 7.8 7.0 16.7 16.5 
Average 13.1 5.6 19.4 18.4 11.7 10.3 23.4 23.1 
Table 7.7 Case 2- No Forward Gear 
Level Dia se Dismantle Repair Assemble 
Manual DST Manual DST Manual DST Manual DST 1 
1 18.8 6.3 23.2 21.2 15.0 13.3 31.0 29.7 
2 11.8 4.3 18.3 17.5 11.7 10.5 21.3 20.2 
3 6.7 4.7 15.5 14.7 1 7.0 6.2 16.7 15.7 
Average 12.4 5.1 19.0 17.8 11.2 10.0 23.0 21.8 
Table 7.8 Case 3- No Reverse Gear 
Level Diag se Dismantle Repair Assemble 
_ Manual DS Mai DST _ Manual DST Manual DST 
1 19.5 5.8 22.0 20.5 14.7 12.8 30.0 28.8 
2 11.3 4.2 
1 
18,2 16.833 
L 
11.7 10.5 20.8 19.3 
3i6. ') 4. -5 1-3.2 14.3 7.3 I 6.3 16.5 1 14.8 
Average 12.4 4.8 18.4 17.2 11.2 9.9 22.4 21.0 
Table 7.9 Case 4- No Fourth Gear 
Level Diagn se Dismantle Rep ir Assemble 
Manual DST Manual DST Manual DST Manual I DST 
1 18.2 5.0 21.0 19.0 14.7 12.7 28.8 26.7 
2 10.8 4.0 17.7 16 11.2 9.5 20.7 19.5 
3 6.0 3.8 15.5 1 14.2 6.7 5.5 16.3 15.0 
Average 11.7 4.3 18.1 16.4 10.8 9.2 21.9 20.4 
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Table 7.10 is the overall average task time breakdowns and the difference is clearly 
shown in bar chart of figure 7.13. The overall percentage improvement for all cases is 
presented in table 7.11. 
Table 7.10 Overall Average Task Time Breakdowns for all Cases 
Case Diagnose Dismantle Rep ir Assemble 
Studies DST i Manual I DST Manual DST Manual DST 
1 13.1 5.6 1 19.4 18.4 11.7 10.3 23.4 23.1 
2 12.4 5.1 19.0 17.8 11.2 10.0 23.0 21.8 
3 12.4 4.8 18.4 17.2 11.2 9.9 22.4 21.0 
4 11.7 4.3 18.1 16.4 10.8 9.2 21.9 20.4 
All 12.4 4.9 18.7 17.5 11.2 9.9 22.7 21.6 
25.0 
20.0 
15.0 
0 Manuals 
0 DST 
10.0 
5.0 
0.0 
Diagnose Dismantle Repair Assemble 
Figure 7.13 Overall Average Task Time Breakdowns 
Table 7.11 Overall Improvement 
Diagnose Dismantle Repair Assemble 
% improvement 60.5 6.4 11.6 4.8 
Table 7.11 shown that the overall diagnose time for every cases has improved on 
average by 60.5%. The dismantling and assembling task time shows very little 
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difference. The improvement of an average of 5% is due to the same repetitive task for 
every case. On the other hand, the repair time has shown an improvement of 11.6%. 
This is because the sub ect gathers the actual repair procedure or knowledge reuse from 
the past experience. 
7.5 Conclusion 
The evaluations have demonstrated the DST's capability of assisting in the repair of 
four major problems of KM series automatic transmission. They have also shown that 
the repair time has improved by utilising the prototype DST as compared to the repair 
manuals. The most noticeable time improvement is the diagnosis time which has 
shortened by 60.5%. on average for all cases. 
The parts repair procedure and reported transmission problems database will grow with 
time. Hence experience from the technician knowledge will be gathered and 
documented. This precious knowledge can then be use by junior technicians as a 
reference and for training purposes. Thus it will allow immediate reuse of information 
not only by the repair technicians but by the designer as well. Designers can directly 
reuse this actual failure knowledge to improve existing product design or for a new 
design. 
Another significant advantage is that this field failure information can be re-used to 
improve the accuracy of the FMEA and lower the costs of keeping the data updated, 
thus allowing knowledge sharing between the two activities. Frameworks for 
knowledge re-use and sharing will be proposed in Chapter 8. Hence the objectives of 
bridging the gap between the engineering and field service can be met. 
The evaluations have proven the feasibility of DST method in solving actual parts 
failures. Early diagnosis should become part of the development process instead of a 
last minute check. However there are some issues and further improvements to be 
made before DST can put into actual use. These issues will be discussed further in final 
chapter. 
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Chapter 8 
Discussion and Conclusion 
This chapter presents an overview and brief discussion of the research work that has 
been presented in this thesis. A discussion is first presented about the limitations of the 
DFMAG methodology and the DST application. Possible ways of knowledge sharing 
and re-use are discussed and suggested so that the proposed DFMAG approach 
provides a method of communicating diagnostic knowledge between the Designers and 
the Field Service. Then this chapter provides a summary of all the previous chapters. 
This is followed by the research contributions and finally recommendations for future 
work are suggested. 
8.1 Knowledge Re-Use in Conceptual Design 
Generally, the conceptual design stage deals with analysis of specifications, identifying 
major problems, possible solutions and finally the promising solutions are then 
developed and expanded in concept form. On the other hand, FMEA deals primarily 
with design documents, conceptual models, early prototypes and focuses on design 
artifacts. FMEA assumes under ideal circumstances that all failure effects are 
addressed and fully rectified during the design and engineering phases. 
Diagnosis deals not only with design inadequacies, but also with physical variations 
and natural mortality. In order to ensure that product maintainability has the greatest 
influence on product design, a diagnosis system must be developed at the early concept 
stages of design. At this stage any changes of major elements and product costs can be 
made. As technical systems become larger and more complicated the costs for the 
maintenance of diagnosis systems will increase. Utilizing the latter stages of product 
knowledge will provide a guide to future design in identifying possible manufacturing 
or maintenance problems. Hence the re-use of latter stages of product knowledge in the 
conceptual design stage will allow the maintainability issue to be given priority. FMEA 
being a tool for design analysis should be fully utilised to enhance knowledge re-use in 
the conceptual design stage. 
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8.2 DST Generations 
The evaluations have shown that the proposed DFMAG method can enable the 
automated generation of practical diagnostic service tools. However, the effectiveness 
of the tool depends on the source of the input data. There are issues that need to be 
resolved before DFMAG can be put into actual use. 
8.2.1 Data Input 
The FMEA generation and the generation of the DST entirely depend on the 
availability of data from the field service and from the design office. In order to make 
sure that DFMAG is able to generate results for many design cases, the amount of 
information in the database must be sufficient. In actual repair garage practice, the new 
cause and solution are normally not reported or documented, though this practice may 
be adopted in large organisations. Since the main source of data is from the failure 
report, there must be an effort made by the field services manager to ensure that the 
failure and solution are entered into DST database. However, to rely on failure reports 
alone may not be enough. 
The designer could not rely on the failure report alone for a new product design which 
may take a considerable time to accumulate. One possible way is to share knowledge 
with other design phases. Another alternative is to supplement this knowledge is by a 
brainstorming process. However, this situation can also be overcome by following the 
seven steps approach, starting from conceptual model as proposed in DFMAG 
framework. The diagnostic FMEA will be created automatically by the software and 
subsequently the knowledge is ready for re-use in DST generation. 
8.2.2 Development of DST Model 
Despite best efforts to provide a practical application for repair information and 
procedure system, the DST model is not without its limitations. During the pre- 
development of the DST model, a small scale user study was conducted with a small 
numbers of participants and concentrated on the needs of this group. The design of the 
prototype model could be improved further if further analysis and observation is 
conducted in other environmental settings and with more representative participants on 
their information retrieval behavior. This is because the repair information applies to 
all automotive repair shops and notjust those in this study. 
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Although the DST prototype met the aim of the design model, it could be improved 
further. More advanced information retrieval system engine support, such as advanced 
browsing and searching could be provided. The evaluation could have been extended to 
include broader user performance measurement criteria such as frequency of errors 
made, search performance, subjective satisfaction and acceptability of the prototype. 
8.3 Automated FMEA Software Limitations 
The automated FMEA software used in this research only provides the effects 
propagation for one of the paths for each generated local effect and is unable to work 
with multiple failures and timing problems. However, in practice, many combinations 
of four or more failures have a vanishingly small probability of occurrence. The 
strategy used in this research is to generate only combinations of failures with a higher 
likelihood of occurrence. This seems to work well for practical diagnostic service tool 
application. 
To overcome these limitations, Teoh (2003) proposed an alternative method through 
model decomposition where an abstract model can be decomposed into sub-models for 
analysis and at many levels of abstraction. Another limitation is that the software was 
unable to propagate failure effects across system boundaries. However in diagnostics, 
some problems may go across even subsystem boundaries. In this research, it is 
assumed that there is a clear separation between subsystems. This assumption is not 
true in some cases where a single failure in each of two subsystems will interact to 
cause a more complex overall problem. This could also be another great issue for 
FMEA generation as some of the worst design problems are caused by interactions 
between subsysterns. 
8.4 DFMAG Knowledge Sharing FrameworL 
The DFMAG approach automatically re-uses the generated FMEA report to generate 
DFMEA data. The generated DFMEA is then combined with actual field failure 
information for the generation of diagnostic tools. The DST framework provided a way 
of reporting new problem cases and repair procedures. This actual field failure 
information is recorded in the DST database for field service reference and can be a 
useful new knowledge to feedback to the designer. 
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The FMEA author can then review this new input to decide whether the new failure 
information should be updated into the FMEA database. Hence, the DFMAG approach 
has provided a way of accumulating the new knowledge and at the same time, the 
knowledge can be rc-used and channeled back to the FMEA. 
Thus the proposed DFMAG approach will provide a framework for knowledge sharing 
and re-use only if people feed the updates back in. This would minimise the effort 
needed for new knowledge capture and maintenance. The process for proposed 
DFMAG framework for knowledge reuse and sharing is as depicted in figure 8.1. 
Start 
No Conceptual Yes 
Reuse Existing 
Conceptual Model 
Compose 
Conceptual Model 
Update Existing Yes 
Conceptual Model 
No 
FMEA 
Generation 
Central Repositary 
I Diagnostic FMEA ST 
Control Plan 
Generation Development 
Implementation 
(FMEA report reuse) 
II Yes 
New Knowledge ýýAccepted- 
Review 
No 
End 
Figure 8.1 Proposed DFMAG Knowledge Sharing Framework 
8.5 Summary of the Thesis 
The aim of this research was to improve product quality by integrating the design and 
diagnostic tasks in order to improve the product life cycle with practical solutions. 
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Recently, Design for Service has become a real issue in the manufacturing industries. 
One possible way of addressing this issue is by improving maintenance especially the 
capability of service and repair issues early in the design stage. This will thus prolong 
the product life-cycle and would increase customer satisfaction, FMEA is one of the 
widely tools used early in the design process to discover and correct the potential 
failure modes and effects of a system has not been fully utilised for maintenance issues. 
Research effort has been made to expand the use of this tool but it is mainly 
concentrated on a specific domain like automobile electrical systems. Thus, a tool for a 
generic application to improve product maintainability is still required. Furthermore the 
usage stage of the product life cycle knowledge which is an effective way to discover 
product failures is still not fully utilised in the early product design stage. Hence, the 
objective of this research is to develop a tool and re-use the latter stage of product life 
cycle knowledge early in the conceptual design product development. This is done by 
developing diagnostic service tools using FMEA as a common language to 
communicate diagnostic knowledge in the early product design process. Thus this 
research has taken the initial approach of bridging the gap between the Designers and 
the Field Service. 
Recent research in automotive diagnostic tools and application of FMEA has been 
explored in the literature review. Generated FMEA infort-nation has been successfully 
used for design analysis and for diagnostic development but the effort is mainly 
concentrated on specific domains for car electrical systems. There have been various 
commercial FMEA software tools used by the automotive industries in preparing 
FMEA documents. To an extent the FMEA software has been able to provide control 
plans and corrective action to assist in the design stage. However, the software has not 
been designed to provide fully automatic generation. An automatic FMEA generation 
approach will streamline the data collection and organization and encourage aggressive 
information reuse. With the use of object-oriented and FMEA object libraries, this will 
allow the immediate reuse of information that is also found suitable for diagnostic 
applications. The automated FMEA generation approach can thus overcome the 
limitations faced by the traditional approach. 
The objective of a Control Plan is to aid in the manufacturing of quality products 
according to customer requirements. Since a Control Plan is a working document that 
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executes controls identified by the FMEA, the activities specified in the control plan 
include measurements, inspection and tests. Only important product or process 
characteristics identified by the customers, or with high RPN in FMEA, or recognized 
as critical due to high severity are included in the Control Plan. In the Control Plan, the 
qualitative descriptions in FMEA are converted into measurable variables for control 
actions. Through the proposed DFMAG knowledge sharing framework, the 
accumulated product failure in the usage stage can be a very important feedback for 
designers in developing FMEA. The actual critical failure or high severity and 
occurrence can provide a better calculation for the RPN and the corrective action to be 
taken. Hence, the knowledge will be constantly updated during the product life cycle 
and the objective of the Control Plan can be met. 
Based on the review, an automated FMEA for generic application in design and 
process has been identified and adopted to generate the required FMEA failure report. 
The software was further enhanced to generate DFMEA. Diagnostic databases were 
created to store problem cases and repair procedure information which also served to 
accumulate new problems and repair cases. 
A seven-step approach for DFMEA generation and knowledge collection has been 
proposed. It provides a guide and examples which enable DFMAG users to 
systematically create design models, perform data entries, and finally generate 
diagnostic failure data. DST generation, organization and usage are provided in the 
User Guide to assist users in generating DST and can also be used for other 
applications. 
Prototype DST software has been created based on the failure report from DFMEA and 
field service information. DST employed the Lifecycle model for interaction design 
system development that consists of several steps: identify needs/ establish 
requirements, (Re) design, build an interactive version and evaluation. Modelling of the 
DST system has been introduced. It explained the proposed model in relation to the 
literature review and small scale-user study outcomes, task description and process 
model of the DST system. An evaluation has been carried in an actual field service 
environment to validate the service tool method and application. 
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Evaluation of the prototype DST has been carried out on four major problems of KM 
series automatic transmission. The evaluations have demonstrated significant 
improvement in diagnosis time as compared to the existing conventional repair 
manuals. The use of DST has shortened the diagnosis time by 60.5% on average for all 
cases. The final results were then verified and approved by two KM series transmission 
experts from Proton and Hyundai Motors Malaysia. 
The limitation and improvements of the proposed DFMAG method have been 
discussed earlier in this chapter. Further improvements have been suggested based on 
DST evaluations. The improvements include evaluation methods and the use of more 
advanced information retrieval system engine support to improve the information 
browsing and searching. Finally, a knowledge sharing framework has been proposed to 
improve FMEA failure data collection and report. 
8.6 Research Contributions 
The present study fills a gap for both the designer and field services research. This is 
important since the field service information is important feedback and the task of 
developing diagnostic systems is very time consuming. The DFMAG approach utilises 
and re-uses the available knowledge in bridging this gap and is not intended to replace 
other techniques or available tools. The contributions of this research include: 
* The DFMAG approach has extended the use of FMEA for developing diagnostic 
tools. The development of DST is based on DFMEA failure report and actual 
information from the field services. Hence, product usage knowledge has been used 
to develop DST and has demonstrated its effectiveness. This integration approach 
has encouraged knowledge reuse and sharing between FMEA and diagnostic 
development and can be used by other design stages or processes. Thus, the 
DFMAG integration approach has enabled knowledge enrichment and re-use 
within the product life cycle. 
9 The DST model has been used as the basis for a prototype system. The 
development of the model proposed was based on a small-scale user study and 
incorporated some of the findings reported in the literature The model aimed to 
support knowledge based tools to enable the field service minimize the repair and 
service time. The construction of the model started with the conceptual framework 
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of DST which comprised the assumptions, considerations and concepts that were 
illustrated through the task description with the 'use case' diagram. The small-scale 
user study and some of the findings reported in the literature review served as the 
basis for the model. The tasks description and the 'use case' diagram for the 
proposed system serve as the basis for the process model of DST which is used to 
describe the structure of prototype system and represents the process flow. This 
approach is particularly suitable when the system to be developed is of particular 
interest of the user needs and of specific requirements. 
4, The proposed DST has provided the field service technician with an easy- to- use 
tool that does not require special knowledge to operate. The new problem cases and 
repair procedure and experience will be accumulated and will not be lost when the 
experienced technician leaves the company. This will save time searching the 
manuals or relying on experienced technicians to overcome the problem cases. The 
tools can be as a reference for junior or less experience technician and are also 
suitable for training purposes. 
4P The prototype DFMAG software developed has been made available for designer 
involved in product improvement and new product development. The DFMAG tool 
closes the communication gap between the designer and the field service. Hence, 
the actual information of product perfon-nance and failures at the usage stage will 
provide important information in order to improve the existing and new product 
life-cycle design and development. Apart from that the workshop managers can use 
the accumulated failure data information for parts monitoring and determining 
training needs. 
8.7 Recommendations for Future Work 
The prototype DFMAG software has enabled the generation of DST during the early 
design process. As discussed earlier, the proposed method is not without its limitations. 
It requires further improvements to the proposed method in order to enhance 
knowledge sharing and re-use in the product life cycle. The improvements identified 
include: 
The DST method proposed in this research assumes that there is a clear separation 
between subsystems. This can be a false assumption as for some of the more 
151 
challenging problems to diagnose, a single failure in each of two subsystems will 
interact to cause a complex overall problem. This is not an issue for diagnostics 
only but can also be an issue for FMEA generation which requires more work and 
effort for improvement. New methods and further work such as hierarchical 
reasoning can be developed to identify which other subsystems may be affected by 
a particular failure. 
2. The DFMAG tool has enabled the generation of a diagnostic service tool in the 
very early stages of the design process. This will provide a way of allowing 
designers to focus on the relative likelihood of failure for a specified component or 
sub assembly in order to improve product maintainability. Further research should 
be carried out through the proposed DFMAG knowledge sharing framework to 
ensure that usage stage failure knowledge is channeled back to FMEA to allow 
designers to access this knowledge directly. This is in order to identify parts that 
are most likely to increase maintenance cost, change designs and to remove or 
reduce any critical weaknesses in design which require higher demands on service 
and maintenance. 
3. In the prototype development and implementation stage, the prototype was 
constructed using Visual Basic. Although it is able to generate DFMEA and 
produce a knowledge base information retrieval system, the engine that supports 
the system is not efflicient enough for a commercial system. In addition, the 
database contains only specific failure cases and did not take into account the 
system performance times. The prototype can be improved by developing 
intelligent search algorithms to minimise information loss and duplication. As the 
knowledge base grows, the likelihood of information loss might also increase. 
Thus, improvement can be made with the application of computer agent technology 
which can enhance the system robustness. Users can access the application through 
a desktop or laptop but not through their mobile phone or personal digital assistant 
(PDA). Therefore, the use of DST in handheld devices including PDA and mobile 
phone could be investigated further. 
4. The adopted generic function that has been used to develop the cause and effect 
chain in DFMAG requires continuous development to enhance its capability for 
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dealing with other problems. Improvement can be made by dividing or constructing 
a set of functional bases for each different domain. Further to this, the identification 
of the functions of each subsystem in the diagnostics tool should provide a 
vocabulary for symptom descriptions. This vocabulary could be used to focus the 
search for failure faults, which DST system does not provide in this research. 
Another improvement is to construct the vocabulary on top of the DST system. 
5. The diagnostic tree developed for DST is a logical type which is suitable for fault 
troubleshooting and can be understood by most automotive technicians. However 
for complex diagnostics and use across system boundaries the Fault Tree Analysis 
(FTA) approach is much more relevant and has been adopted by engineers and 
designers. In order for DST to be used for generic applications and in other design 
processes the use of FTA can enable the system to be analysed and the level of 
complexity to which failures occur can be resolved. By using this top-down 
approach, all the immediate causes of the top events will be identified as it is 
important that intermediate system events are not missed out when defining the 
immediate causes. 
6. As discussed earlier, the adopted approach for automated DFMEA generation 
software faced certain limitations which require further improvement. The method 
for multiple level cause and effect propagation needs to be developed. The database 
knowledge maintenance can be further enhanced with the application of semi- 
automated features for knowledge maintenance instead of the existing manual 
process. 
8.8 Conclusion 
This research has demonstrated a successful method for providing a computerised 
interactive diagnostic tool which is generated during the conceptual design stage. The 
FMEA knowledge information was re-used in developing a service tool for repair 
information that supports the proposed model. It is clear that all the technicians have 
significantly improved their diagnosis tasks. Hence, this research has extended current 
technology of generating diagnostic tools during the early design process. The results 
and the findings obtained have indicated that the objectives outlined have all been met. 
As this research is one of the efforts to bridge the gap between the designer and the 
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field service studies in this area, it is believed that findings create substantial 
opportunities for further research. 
A DST model has been proposed and used as the basis for a prototype system. The 
model aimed to support knowledge base tools to meet the current shop floor needs to 
minimise the repair and service time. The small-scale user study and some of the 
findings reported in the literature review served as the basis for the model. The task 
descriptions and the 'use case' diagram for the proposed system serve as the basis for 
the process model of DST which is used to describe the structure of prototype system 
and represents the process flow. 
Complete prototype software for DFMEA and interactive diagnostic service tools 
generation has been built. The diagnostic service tools generation is based on FMEA 
information and field service information gathered from automatic transmission 
centres, Malaysia. The evaluation results have shown that the tool is able to fill the gap 
for current shop floor needs and the proposed knowledge sharing framework will 
provide a way for designers to re-use and accumulate the product usage stage 
knowledge. 
As a whole, this research has shown the potential of an automated diagnostic tools 
generation method during early product design process and contributes to a way of 
bridging the gap between the designers and the field's service during the product life 
cycle. 
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Appendix A 
Terminology 
The following is a list of terms and notation specifically used to explain the proposed 
FMEA Model and DFMAG method which are adapted from Hubka and Eder (1988) 
Theory of Technical System and FMEA Modelling by Teoh (2003).. 
Transformation System (TrS) The sum of all elements and influences (and 
relationships among them and their environment) 
that participate in a transformation. (Hubka et a], 
1988) 
Technical System (TS) A composite of physical elements and their 
interactions, which receive inputs, and delivers 
effects to guide and drive a technical process. 
(Hubka and Eder, 1988) 
Technical Process (TP) Transformation of an operand from one state to 
another (preferably more desirable) state. (Hubka 
et al, 1988) 
Human System (Hu) Sub-set of all humans who directly exert any 
effects on operand of a particular transformation. 
(Hubka et al, 1988) 
Active Environment (AEnv) Comprises all sources of effects exerted by the 
surroundings. (Hubka et al, 1988) 
Entity An object that forms the primary element of a 
design artifact or process. 
Operator An Object that initiated an interaction with other 
Entities in a design artifact or process. 
operand An object that is at the receiving end of an 
interaction between Entities. 
Property An attribute that represents the characteristic of 
an Entity. 
State The condition/value of a Property. 
Function A purpose/intent of a design. 
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Generic Function A purpose/intent of a design that has been 
categorized into a generic grouping. 
Behaviour The characteristic or state of a Generic Function. 
Function Unit The smallest unit that represents an interaction 
between an Operator and an Operand with a 
Function. 
Model An assembly of Operators that serves a design 
purpose/function. 
Precondition A relationship between the state of an operator 
and the behaviour that it has generated. 
Postcondition A relationship between a behaviour and the state 
of an operand which is the result of the behaviour. 
Failure Mode An undesired Behaviour of a Generic Function. 
Cause The State of an Entity that causes a State change 
on other Entities. 
Effect The State change that results from a Cause from 
another Entity. 
Indicates that the name in the bracket is an object 
or a class. 
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Appendix B 
Function Definitions 
The definitions are adopted based on the literature suggested by Hirtz et al (2001) and 
Teoh (2003). Most of the functions are applicable to all the three type of operand which 
include energy, material and information. 
1) Channel. To cause an operand to move from one location to another location. 
a) Inputs/ input to. To bring in an operand from outside into the system. 
Example: A physical opening at the top of a kettle imports water into the system. 
b) Outputs/ output from. To send an operand from the system out. 
Example: Pouring water out of a kettle exports water from the system. The opening at 
the top of the kettle is a solution to the output sub-function. 
c) Carries. To carry and move together with an operand from one place to another. 
Example: A car carries passengers from one location to another. 
d) Transmits/ transmitted to. To move energy or information from one place to another 
(no fixed path). 
Example: In a hand held power sander, the housing of the sander transmits human 
force to the object being sanded. 
e) Guides/ guided to. To direct a material with specific path. 
Example: A domestic HVAC system guides air around the house to the correct 
locations via a set of ducts. 
f) Conducts/ conducted to. To direct information or energy with specific path. 
Example: An electrical wire conducts electricity in one direction. 
g) Conveys/ conveyed to. To direct a power or energy through a rotational flows on a 
guided path. 
Example: Engine torque is conveyed to the power train system and the gear differential 
and finally to the wheels. 
h) Rotates/ rotated to. To f ix the movement around an axis. 
Example: A computer disk drive rotates the magnetic disks around an axis so that the 
head can read data. 
2) Connect. To bring two or more operands together. 
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a) Joins/ joint to. To bring together two or more operands, but they can still be 
distinguished from each other. 
Example: A standard pencil joins an eraser and a writing shaft. The joint is perfon-ned 
using a metal sleeve that is crimped to the eraser and the shaft. 
i) Assembles/ assembled with. To join operands together in a predetermined manner. 
Example: A ratchet joins a socket on its square shaft interface. 
ii) Links/ linked to. To couple two or more operands with an intertnediate operand. 
Example: A solderjoint links a component terminal with a solder pad on the PCB. 
3) Control Magnitude. To alter or govern the size or amplitude of an operand. 
a) Actuates. To enable an operand to commence an action based on a control signal. 
Example: A circuit switch actuates the electricity and turns on a light bulb. 
b) Reduces. reduce an operand in a predetermined manner. 
Example: The gear train of a power screwdriver reduces the flow of rotational energy. 
c) Shapes. To mould or form an operand. 
Example: In the auto industry, large presses shape sheet metal into contoured surfaces 
that become fenders, hoods and trunks. 
d) Conditions. To render an operand appropriate for the desired use. 
Example: To prevent damage to electrical equipment, a surge protector conditions 
electrical energy by excluding spikes and noise (usually through capacitors) from the 
energy path. 
e) Stops. To cease an action of an operand. 
Example: A reflective coating on a window stops the transmission of UV radiation 
through a window. 
f) Prevents/ prevented from. To keep the operand from happening. 
Example: A submerged gate on a dam wall prevents water from flowing to the other 
side. 
g) Generates/ generated to. To change from one form to another. 
Example: An electrical motor generates rotational energy. 
3) Provision. To accumulate or provide material or energy. 
a) Stores/ stored to. To accumulate an operand. 
Example: A DC electrical battery stores the energy in a flashlight. 
b) Contains/ contained in. To keep an operand within limits. 
Example: A vacuum bag contains debris vacuumed from a house. 
c) Collects/ collected to. To bring operands together. 
169 
Example: Solar panels collect ultra- violet sun rays to power small mechanisms. 
d) Supplies/ supplied to. To provide an operand from storage. 
Example: In a flashlight, the battery supplies energy to the bulb. 
4) Signal. To provide signal to an operand as an output signal flow. The signal passes 
through the function unchanged. 
a) Senses/ sensed by. To become aware of an operand. 
Example: An audiocassette machine senses if the end of the tape has been reached. 
b) Recognise/ recognised by. To identify an operand. 
Example: A vision system recognises the defects on a product. 
c) Measure. To determine the magnitude of an operand. 
Example: An analog thermostat measures temperature through a bimetallic strip. 
d) Indicates/ indicated to. To make something known to the user about an operand. 
Example: A small window in the water container of a coffee maker indicates the level 
of water in the machine. 
e) Tracks. To observe and record data from an operand. 
Example: By tracking the performance of batteries, the low efficiency point can be 
determined. 
f) Displays. To reveal something about an operand to the mind or eye. 
Example: The xyz-coordinate display on a vertical milling machine displays the 
precise location of the cutting tool. 
g) Processes. To submit information for a process. 
Example: A computer processes a login request information before allowing a user 
access to its facilities. 
5) Support. To firmly fix a material into a defined location, or secure an energy or 
information into a specific course. 
a) Stabilizes. To prevent an operand from changing course or location. 
Example: On a typical canister vacuum, the center of gravity is placed at a low 
elevation to stabilize the vacuum when it is pulled by the hose. 
b) Secures/ secured to. To firinly fix an operand. 
Example: On a bicycling glove, a Velcro strap secures the human hand in the correct 
place. 
c) Positions/ positioned to. To hold an operand in a specified location. 
Example: The coin slot on a soda machine positions the coin to begin the coin 
evaluation and transportation procedure. 
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6) None Standard Function. Functions that are not included in the functional basis. 
a) Interacts with. To provide an effect through an interaction with the operand 
Example: A radio signal interacts with the user. 
b) Forms. To contribute to the formation of a new operand 
Example: Electrical components form a part of a radio circuit board. 
171 
Appendix C 
FMEA / DFMEA Generation User Guide 
This guide provides the procedures involved in generating an FMEA/ DFMEA using 
the DFMAG prototype software. If a model is to be created and used for 
FMEAIDFMEA generation, it will go through a series of steps before the 
FMEA/DFMEA can be generated and saved into a report. Some of the steps involved 
can be omitted if historical data is available. To proceed for DST generation user can 
proceed to DST User Guide of Appendix G. 
A. 1 Object formation 
The software starts with the "Main" window (figure A. 1). Click Start on the "Main" 
window to select the operations of the software (figure A. 2). 
DFMEA Generation 
fior 
Diagnostic Service TOols 
Copyright (P 2005 MA Nor 
Loughborough University 
Version 1.1.0 
I 
Start 
-1 
Figure A. I Main Window 
172 
% wm- 4* 
Figure A. 2 Main Menu 
Select - Object from the left menu. A window called "Object Library" will appear. The 
window consists of a tree diagram showing the structure of the objects in the database 
as shown in figure A. 3. The software allows users to structure the objects based on 
their own preferences. In this case, the object is divided into four groups, i. e. Active 
Environment, Human System, Operand, Technical Process and Technical System. 
The Active Environment represents the environment affecting a design. The Human 
System is the operator or the user of a design. The Technical Process consists of the 
processes involved in a design. The Technical System is the product or the machine 
itself. Under Technical System, the objects are further categorized into Machine, 
Machine Component, Product and Product Component. The Machine and Machine 
Component categories refer to the machinery and their components for process 
FMEA. Product and Product Component is for the product design and the components 
involved. The operator and operand involved in a design are selected from the Object 
Library. 
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Figure A. 3 Enter Object 
To open "Enter Object" window as shown on the right in figure A. 3, select Part - New 
from the pull down menu. Each of the objects has four fields, i. e. the Object ID, Object 
Name, Parent and Object Type. The Parent combo box is used to refer to the other 
object as its parent. This allows the structure to be built in a hierarchical fashion. The 
object Type combo box provides 5 selections: General, Energy, Information, Material 
and Process. General is used to represent a category of objects. The other three 
selections each describe the natural form of an object. If the object is not available, the 
user will need to add a new object to the database. The user can add, save, delete an 
object or close the window by selecting the "Enter Object" window, and click on 
Record in the pull down menu, and select a relevant operation: New, Save, Delete or 
Exit. To look at the changes go to "Object Library" window and select refresh. 
To open an existing object, click on the "+" sign on any of the category to expand the 
tree, then click on the icon of the selected object. Figure A-4 shows an example of 
forward sun gear in Product Component / Planetary Carrier Category. 
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Figure A. 4 Object example 
A. 2 Object Properties States and Details 
This step is optional for an object that has had historical data related to it. Otherwise, 
new properties and states for the objects involved need to be added to the database. 
From the "Enter Object" window, select Tools - Properties. The "Properties" window 
will appear as shown in figure A. 5. The user can create, edit and save the properties 
from the window by clicking on the row of the table listed below the two text boxes. 
Once a row is selected, the relevant data will appear in the text boxes. The user can 
then edit, save or delete or create new property by selecting Record to launch a pull 
down menu, followed by the required operation. 
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Figure A. 5 Properties Window 
By selecting Tools - States from "Properties" window, "Edit State" window will 
appear as shown in figure A. 6. Similar to "Properties" window, the user can create, 
edit and save the object states by selecting Record to launch a pull down menu, 
followed by the required operation. 
User can also view the object details by selecting Tools - Details. Details window will 
display the selected object details as shown in figure A. 7. Similarly, user can create, 
edit and save the object states by selecting Main to launch a pull down menu, followed 
by the required operation. 
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Figure A. 6 Edit State Window 
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Figure A. 7 Details Window 
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A. 3 Organise Functions 
To open "Function Library" window, select File - Function from "Main" window. The 
library is as shown in figure A. 8. Currently, the functions are divided into five generic 
groups, i. e. Control, Interact, Keep, make and Prevent. This function library is by no 
means complete. It can added and change from time to time. 
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Figure A. 8 Function Library 
The user can add a new function by select File - New to open the "Enter Function" 
window. It is a window with two text boxes to describe the function used, and a combo 
box to select a relevant parent for the function. 
Alternatively, the user can select the relevant function by expanding the tree in the 
"Function Library" window, and clicking on the icon of the selected function. The 
"Enter Function" window will appear. Figure A. 9 shows an example of the window. 
The user can create new, edit, save and delete the function by selecting Record from 
"Enter Function" window. 
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Figure A. 9 Enter Function Window 
Note: 
A generic function set is used for the function representation in this example. The 
function set is based on work by Hirtz et al (2000) and Teoh (2003) which reconciled 
and standardized functional related terminology from a number of research groups in 
the U. S. The generic function set has been slightly modified from the original version 
to better suit the current case studies. 
Usually behaviours of a function can be defined at a later stage when cause and effect 
relationships are formed. However, as another option, behaviours associated with a 
function can be selected from or added to the list in the database. Most of the 
behaviours captured for this application are undesired behaviours, which will be used 
to define the failure modes of the FMEA. The "Behaviour" window can be opened by 
selecting Tools - Behaviour from the "Enter Function" window (figure A. 10). The user 
can create, edit and save the properties from the window by clicking on the row of the 
table listed below the text box. Once a row is selected, the relevant data will appear in 
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the text box. The user can then edit save or delete or create new property by selecting 
Record to launch a pull down menu, followed by the required operation. 
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FigureA. 10 BehaviourWindow 
AA Model Building 
The "Model Library" window can be opened by selecting File - Model from "Main" 
window. Figure A-1 I shows the models stored in the model library. By clicking on a 
model icon in the library, a window will appear on the left showing the information of 
a model. The fields for a model include Model ID, Model Name, Parent, Build Date, 
Generic Function, Function Description and Operand. The user can add, save, delete an 
object or close the window by selecting the "Enter Model" window, clicking on Record 
in the pull down menu, and selecting the relevant operation: New, Save, Delete or Exit. 
ýLoqe. 
The model created will also appear as an object in the object library. Hence, a model 
will also have the characteristic of an object with additional information of its own. 
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Figure A. 11 Model Library and Enter Model Window 
By selecting Tools-Model Building from the "Enter Model" window, another tree 
diagram will appear, showing function units of a particular model in the "Model 
Building" window. A function unit consists of an Operator, a Generic Function, an 
Operand and a Description. The function units can be created or edited using the input 
window "Function Unit" as shown on the right in the figure below. The user can add, 
save, delete a function unit or close the window by selecting "Function Unit" window, 
and clicking on Record in the pull down menu, and selecting a relevant operation: 
New, Save, Delete or Exit. The user can also access object and function window by 
selecting Tools- Model Building (figure A. 12). 
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Figure A. 12 Model Building Windows 
A. 5 Cause and Effect Formation 
Cause and efTect chains are built based on the user's knowledge about the causal 
relationships of the function units in the model. The knowledge can come from the 
user s experience, previous FMEA reports or failure repor s. Before a cause and eff t t ec 
relationship can be built, the user needs to create or select an FMEA document for the 
particular model from the -FMEA List" window. This window can be called from the 
--Main" window using File - FMEA. It is a tree window with the folder arranged in 
alphabetical order. 
Click on the '*+" on a particular folder to expand the tree to see an FMEA title. Click 
on the icon of the FMEA title to reveal the "FMEA Documenf' window as shown in 
figure A. 13. The user can add, save, delete an object or close the window by selecting 
"FMEA Document- window, clicking on Record in the pull down menu, and selecting 
the relevant operation: New, Save, Delete or Exit. 
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FigureA. 13 FMEA Library and FMEA Document 
Then, the user can check whether causal relationship for a particular function unit he or 
she has in mind is available from the database. This can be done by the following steps. 
From the -FMEA Document" window, select Tools - Generate FMEA activate FMEA 
generation. The "Select an Object" window will be prompted. Use the combo box pull 
down menu to select the relevant Object description (figure A. 14) for FMEA 
Generation. 
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FigureA. 14 Select an Object for FMEA Generation 
Once an Object has been selected, FMEA generation takes place. It will normally take 
a while for the generation process to complete, depending on the number of items 
found in the database. An -FMEA Generation" table will be produced (figure A. 15). 
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FigureA. 15 FMEAGeneration 
if the generated results do not show the required cause relationship, the user can 
proceed to build a new relationship. 
From the -FMEA Generation" table in figure A. 15, select Tools - Cause and Effect to 
launch the -Cause and Effect Chain Building" window (figure A. 16). It consists of 
Object. Cause Property, Cause State, Function, Behaviour, Subject, Effect Property, 
Effect State and Solution. Select Object is a combo box which only allows the user to 
select from the available menu. Cause property, Function and Subject are read-only 
text boxes which show the information of an Object unit. The rest are combo boxes that 
allow the user to select from the menus or key in new data into combo boxes. The user 
can select the function unit concerned from the Function Unit combo box pull down 
menu. The selection will be prompted to the three text boxes. The user can then 
proceed with the rest of the data entry. 
The user can add and save the data by using Record from the pull down menu. The 
view menu in -Cause and Effect Chain Building" window also provides alternative 
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ways to reach the object. function and model windows that have been discussed in the 
earlier section. 
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FigureA. 16 Cause and Effect Chain Building Window 
Note: 
Normally, a failure report will provide information about the failure (Behaviour), the 
cause of failure and their source (Operator State) and the effect of failure (Operand 
State). This information is sufficient to build the cause and effect relationship. Hence, 
with continuous data input from failure reports, the capability of the system to respond 
to a given design will increase. In short, the system is continuously "teaming" from the 
past failure. 
A. 6 Generate FMEA 
Going back to the -FMEA Generation" table, The user can edit the content of the 
generated result by double clicking on a specific row in the table. An "Edit Generated 
FMEA" window will appear. The user can change the data in the text boxes as well as 
the three rating numbers from the combo boxes. The user can choose Refresh, Update 
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or Exit from the Record menu for the data entry operations. The window also provides 
two buttons. i. e. Occ. and Sev. to launch reference tables for the rating numbers. Figure 
A. 17 shows the "Edit Generated FMEA- table. 
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FigureA. 17 Edit Generated FMEA Window 
When the File - Update menu is selected from the "Edit Generate FMEA" window, 
changes to the data will he reflected in the -FMEA Generation" table. If the user File - 
update menu from the -FMEA Generation" table, the changes will be permanently 
saved into the database. 
The last column in the -FMEA Generation" window exists for a special purpose. it 
provides an interface for the user to decide whether to include a particular FMEA item 
into the FM EA report (figure A. 18). The default value is "No", by clicking the cell, the 
value can change from "No" to "Yes" and vise versa. If a row in selected as "Yes", the 
row has been selected to be a new row in the FMEA report. To update the changes, 
select File - Update from the -FMEA Generation" table. The result of the selection 
will be updated into the FMEA report in the database. File - Precondition and 
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Postcondition are used to delete the created causal relationships from the database. 
Precondition will remove the cause-failure mode relationship, while Postcondition will 
erase failure mode-effect relationship. 
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Figure A. 18 FMEA Generation (Back Columns) 
"FMEA Generation- table also has a sorting feature to sort the table with reference to 
any column. This can be done be selecting Sort in the menu. The View menu also 
provides alternative ways to reach the ob ect, function and model windows as j 
discussed before. The Window menu provides ways to rearrange the windows in the 
main window. 
A. 7 FMEA Report 
To open the FMEA report, go back to -FMEA Document" window, and select Tools 
open FMEA. the -FMEA Report" table will appear (figure D. 17). The table can be 
refreshed, saved using Record - Refresh and Record - Save menu. The Delete menu in 
Record is only responsible for deleting a particular row in the table. The entire FMEA 
report can only be removed from -FMEA Doc" window. The "FMEA Report" table 
also has similar sorting and window arrangement features as "FMEA Generation" 
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table. It can access the Cause and Effect window and the -FMEA Generation" table 
through the Tools menu. The View menu provides access to other windows for object, 
function and model. 
FigureA. 19 FMEAReport 
The information in the table can be edited by double clicking on the particular row of 
interest. The "Edit FMFA- %vindový %Nith information of the particular FMEA item 
from the report %%ill appear (figure D. 1 8). The information in the window can be edited, 
updated and deleted by selecting Record menu. The RPN rating tables such as 
occurrence. Severity and Detection tables can be launched using the command buttons 
adjacent to the respective combo boxes. To save the changes permanently in the 
database. the user needs to select Record - Update from "Edit FMEA" window, then 
select Record - Save from -FMEA Report" table. Changes made in FMEA report will 
not affect the FMFA generation results. 
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Figure A. 20 Edit FMEA 
A. 8 Generate DFMEA 
From the "WEA Document- window, select Tools - Generate DFMEA will activate 
DFMEA generation. Similar to FMEA generation, The "Select an Object" window will 
be prompted. Use the combo box pull down menu to select the relevant Object 
description (figure A. 2 1) for DFMEA Generation. 
190 
Figure A. 21 Select an Object for DFMEA generation 
Once an Object has been selected, DFMEA generation takes place. The result of the 
selection will be updated into the DFMEA report database. A "DFMEA Generation" 
table will be produced for the selected Object (figure A. 22). The result of the selection 
will be updated into the DFMEA report database. 
To view the DFMEA report, go back to -FMEA Document" window, and select 
Tools- Open DFMEA. the -FMEA Report" table will appear (figure A. 23). The table 
can be refreshed, saved using Record - Refresh and Record - Save menu. At this point, 
users can onlY make changes b. v going back to the -FMEA Generation" table. 
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Figure A. 22 DFMEA Generation 
Figure A. 23 DFMEA Report 
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Appendix D 
Pre Needs Evaluation 
Interview Questionnaires 
Objectives: 
To understand how automatic transmission technicians retrieve information to perform 
their repair work by using diagnostic tools and repair manuals. 
Procedure: 
A small number of automatic transmission technicians were recruited and asked the 
same set of questions in a structured interview, while recording and taking note of their 
answers. The technicians were asked about their current practices, and then gave their 
opinions on possible features for retrieving information on automatic transmission 
repair. 
1. Explain purpose of the interview 
2. Ask interviewee's permission to record the interview 
3. Write name on interview sheet and record start time 
4. Zero the tape counter 
5. Switch tape to record 
6. Write down key points of interview immediately after over 
Respondent's background knowledge on using diagnostic tools and repair manuals 
1. On average how often do you use the diagnostic tools and repair manual? 
2. What do you primarily use the diagnostic tools and repair manual for? 
3. How familiar are you with the diagnostic tools and repair manual? 
4. How do you obtain information from the tools to do your repair work? 
5. How many diagnostic tools and repair manuals that are available to help you 
to retrieve the required information 
6. What type of information that you require to assist you to do the repair work? 
7. Do you really use these tools to assist you in your repair work? 
8. Are you satisfied with the available tools? If satisfied, why? If unsatisfied, why 
not? 
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Diagnostic tools and repair manuals: Respondents' experiences 
1. What types of diagnostic tools and repair manuals do you use to do the repairs 
work? 
2. In general, are you satisfied with the tools and manual that you use? 
3. What limitation/difficulties have you found when using the tools? 
4. What features would you want your tools to include they don't already have? 
5. What aspects are difficult and what are easy about using the diagnostic tools and 
the repair manuals? 
6. Do you agree it would be a good idea to have diagnostic service tools software 
that could manage the transmission repair problems and repair procedures in a 
computer 
7. If ycs, why? And if not, why not? 
Information retrieval of repair manuals 
1. On average how often do you retrieve and browse through the repair manual? 
2. How easy or hard is it for you to find the appropriate repair information in the 
repair manual when you needed them? 
3. What approaches and topic have you used most often? And why have you 
chosen these approaches? 
4. Do you agree it would be a good idea if you can retrieve the repair procedure 
and information by text and with actual picture of the related cases? 
5. Would you prefer to retrieve the required information by computer through 
control application via mouse and keyboard? 
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Appendix E 
Low Fidelity Prototype Evaluation 
Interview Questionnaires 
Personal background 
1. Respondent name /identification 
2. Years of automatic transmission experience 
Computer experiences 
3. How long have you used the computer? 
5. How often you use the computer? 
6. How long you used computer for diagnosis? 
7. How often you used computer for diagnosis? 
Screen design 
8. What do you think of the characters (fonts) on the screen? 
9. What do you think of the amount of information that is displayed on screen? 
10. What do you think of the arrangement of information that is displayed on 
screen? 
11. What do you think about the transmission system information that is displayed 
on the screen? 
12. What do you think of sequence of the screens? 
13. What do you think of the screen design? 
14. What do you like and do not like about it? 
15. What would you expected to see on the screen? 
Learning how to operates the DST system 
16. How do you find learning to operate the system particularly to search by 
existing symptoms and by describing the symptoms? 
17. How do you find learning to operate the system by analysing the problems 
system by each of the affected parts? 
18. How do you find learning to operate the system particularly to search for the 
recommended action and the repair procedures? 
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Reporting 
19. Whom do you think should report and record new failure cases and make 
suggestion for repair procedures and action? 
Others 
20. Do you think the system will be able to help you in diagnosing transmission 
system failures.? 
21. Is there anything else you want to say? 
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Appendix F 
LOW FIDELITY DST SCREEN SHOTS 
Failure symptoms cases 
- Diagnostic tree & repair procedure 
No Reverse P-ear 
4th p-ear impossible 
4, 
%- %,,, %Iýhanivml A, Manufacturing Engin"rinX Dept No, 24H)5 *ýhd, 8 
"ugbbomush 
t niversity 
Diagnose Tree -No Forward and Reverse Gear .41 
Doupmfd&wP@r 
bmion? 
N- 
Hydraulk pmsure 
not swArated 
Repiwe oil PmcedL" 
pwnp aminbly I 
%min % MiKh*"lc*I & %lanuracturinj E"Zinecring Dept NoN 2(K)S Slide ') 
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1--ogbbomugb 
%; 
I ni%ersitý 
No fonvard and reverse 
' "thborough 
%; 
ý 
nment" No forward and reverse 
Diagnostic I rer 
. S)mptom : Impossible forward and reverse driving 
Stall test in D or R range: out of upper specification. 
HI-SCAN check : no trouble code. - ATF oil check: black color 
ause Od pump dri%v or dri%en geaj t, hi, -ken. 
2 Repair 
Replace oil pump assembly. 
Replace torque converter if damaged, 
Remark 
Engine power can not transmitted input 
shaft because hydraulic pressure is not 
generated. 
% lkloýh3n. c;, l & MAll"facit"I'm I , imvermi! Dept %41% 200ý , !, II 
198 
ýV., NI Vý h., n ý, ýIA, \ Lm u 1- 1", "I LFIL, " ec'm g, I ), -I, l No, 21WI5 "Ilde 10 
I oil purnp housing, 2 oil PuniP dTi%c gear 
-ughbomulth 
ni%emit, 
Diagnose Tree - No Fonvard Gear 
CS YCS 
Repair Valve Proce&ve Check the input Body 
shaft seal ring 
Does die input shafk seal Hydraulic Repair rear 
nng wmn pressure leakage Procedure clutch disc 
v Y= 
Check the input Procadv" 
SW seal cap 
Rear clutch 13- Replace clutch 1', (vedum Does the seal cap worn ring damage assembly 
Yes 
Input shall wal Replace Input Pi ocedwe cap damage shaft assembly 
%min Nor Mechanical Manufacturing Engineering Dept No% 2(X)5 Slide I 
I ---ghbo ugh 
I niwrsitmy No forward 
sýrziptom: Impossible forward driving 
Stall test in 13.21 range stall i out of upper specification. 
HI-SCAN check no trouble code. - ATF oil check i black colour (abnorinal) 
('&use The rear CILOI vý in rear clutch piston. 
Repair 
the rear clutch discs and plates. 
the new piston D-ring. 
I 
rear clutch D-ring damaged, rear 
will be burnt due to leaked 
ing pressure. 
%min No, Mechanical & Engin, ei-ine J), Pj No, 2iXK Slide 1.4 
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I clutch plate ' r,: or lulAi dt- 
M-remo 
No forward 
-77 %1 NIOdel: K%li-4; I Re I cren,: e, ýt II Diagnostic I mv Repair ProceTur, 
Sýniptom: Inapossible forward driving 
Stafl test in D, 2, L range stall out of upper specification. 
HI-SCAN check i no trouble code. - ATIF oil check : black colour (abnormal) 
I 
i( 
muse : Rear clutch pre%sure check tw)lt in the , at%e Nid% backed out or missed. 
I 
Repair 
- Tighten the rear clutch pressure check 
bolt in the valve body. 
emark 
If the rear clutch pressure check bolt 
ime loose, rear clutch operating pressure 
, ill not be made. 
tIIhl 'I iý hom it M& NL1 im fAc Im, iiR I riginee ring Dept No' 204115 Slide I 
oughborough 
0; 
1. 
ni%vmi" No forward 
Repair Procedure %T Model : KNI 175 Ret&cnce (Ws Diagnostic I m, 
Symptom Impossibit forward driving 
Stall test in D. 2, L range stall : out of upper specification. 
HI-SCAN check : no trouble code. - ATF oi I check. red colour (normal) 
jiu-. e : Rew clutch applied pressure is not supp lied due to %tic kine of there ar clutch exhaust .a he in the 
Repair 
Repair the valve body. 
If necessary, Replace the valve body. 
IýIII tc 11 CX 11: 1 tlýt %a 1% e 
Remark 
- Rear clutch exhaust valve is not 
normally returned due to aluminum 
chip after operating. 
1', ha n"jI&NIAII il fac IwI. IJ!. I Ing Dep 2IM15 
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I -uzbboroagb 
%; 
I n, ýemi" No forward 
Repair Procedure 1 %1' Model : KNI 1-5 1 Ret'erence '(x, I DiaZnoslic Tme 
Symptom: Impossible forward driving 
Sudl test in D. L range Stall out of upper specification- 
W-SCAN check: no trmble code. - ATF oil color: black collour (abnormal) 
Cann : Seal ring (input %haft. tapron tý. pe) %orn causes the applied pressure to drop in rear clutch system 
and this consecutively makes the rear clutch burnt 
Repaii 
- Replace the rear clutch discs and plates 
- Replace the piston D-ring 
6 - Replace the seal ring (input shaft) 
3 pieces (tapron type) 
Repair the valve body 
%I-IIIýA& I-mg t n% ee,,,, x Dept No, 2005 "I'de II 
- 001-0 
I; ý 
normfIN No fonvard 
Repair Procedure I%I %I odel: KNI 1 ; -117 Referen cc oo Diagnostic Tree 
Symptom: Impossible forward driving 
Stall test in D, 2. L range stall : out of upper specification. 
HI-SCAN check no trouble code. - ATF oil check : run out of oil 
( au%e : Oil pan i% hrokcii. 
Re pa ir 
*1 - Replace the oil pan. 
Replace the clutch discs and plates. 
Replace the new D-ring in the piston. 
64 Check if the oil cooler is clogged, 
r1l 
then replace it 
the oil level is very lower than 
cification, clutch operating pressure 
not be made. 
%min Sor %lechanKal & Manufacturing Fneineering Dept N. ), 2005 1s 
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No fo rNN ar (I 
Rcpair Pr(wedure 
-7 
Z1 777 K%77ý- 
1 Diagnostic Tive -14- 
,. N mptom Impossible for-ward di-iving 
Stall test in D range stall : out of upper specification, and in L range stall standard specification 
HI-SCAN cbeck : no trouble code. 
(a u, e : One -a% clutch tO%% i in planctar% carrier is damage (I 
Repair 
- Replace the OWC in planetary carrier. 
- If necessary, replace the planetary carri 
assembly. 
Remark 
-Element in use at each gear 
A" gear D, 2 range : 
rear clutch and OWC. 
I" gear in L range: 
rear clutch and low/reverse brake. 
I 'd 
- bmtoRh 
No fomard 
Nlmicl : KNI 1-5 F% I-I 
Refe-n- 
I 
Diagnostic T me . 44 
s%mpt,, m I inpossibie for vitard drill in% 
Stall test in 13.21 range stall: out of upper specification. 
tit-SCAN check ý no trouble code. - ATF oil check: black colour (abnormal) 
i tj, r lornard son Itear ks damaged. 
I hi, problem occurs as a result of poor lubrication 
Repair 
- Replace the planetary carrier assembly. 
- Replace the new piston D-ring. 
Repair the valve body. 
Check if the oil cooler is clogged, 
replace it. 
Remark 
-Engine power may not be transmitted in 
D. 2, L range. 
%lechanwal & %I; ti-f. 4(ttjrmjz I iiViticering Dept No% 20115 sI id 
Repair Pr(wedure I %I Nimiel : KNI I -, 
II Diagnostic Tive . 14 
,. N mptorn Impossible for-ward dii-iving 
Stall test in D range stall : out of upper specification, and in L range stall standard specification 
HI-SCAN cbeck : no trouble code. 
au, e : One -a% clutch tO%% i in planctar% carrier is clamaged 
Repair 
- Replace the OWC in planetary carrier. 
- If necessary, replace the planetary carri 
assembly. 
Remark 
-Element in use at each gear 
*. I" gear D, 2 range : 
rear clutch and OWC. 
I" gear in L range: 
rear clutch and low/reverse brake. 
Rc pIII IP I- t, I tj It FI 
Nlmicl : KNII-5 
1 Ref-c-, ,I Diagnostic T me . 44 
N%mpt, mi I mpossibie for %ard dri% in% 
Stall test in 13.21 range stall: out of upper specification. 
tit-SCAN check ý no trouble code. - ATF oil check: black colour (abnormal) 
I tj, r lornard son gear (FS. (; ) ks damaged. 
I hi, problern occurs as a result of poor lubrication 
Repair 
- Replace the planetary carrier assembly. 
- Replace the new piston D-ring. 
Repair the valve body. 
Check if the oil cooler is clogged, 
replace it. 
Remark 
-Engine power may not be transmitted iln 
D. 2, L range. 
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I! 
w No fom, ard 
Repair Procedure I Model : K%11-5 
1 Relerence 01 (1 
1 Diagnostic Tree 
AII-Iý 
"NMPIOM: lnqwssil ., SIX 
Stan test in 13.2.1- range stall out of upper specification. 
HiwAN dwck no trouble code - ATF oil check: black colour (abnormal) 
( most : %TF oil is leskiez from the seal cap of the input shaft 
Repair 
Replace the input shaft assembly and 
defective parts. 
Replace the new piston D-ring. 
oil pressure decreased due to oil 
king to the seal cap, clutch will be 
-nt due to leaked operating pressure. 
'I 
I obon, vTIi 
V 
ATF od ägAN" 
.ýC, 
(leck fiem chctcä 
Diagnose Tree - No Reverse Gear 
Opemms 
pm- dmp 
I No 
FOON CMA domp OPOUMS Replace kick Procedw 
P drop do" drum 
CbML trust bcarms Replace reverw Procedure 
sue gem 
Op-g Replace oil pump Procedwe pressure drop assembly 
.N Cs 
203 
w No reverse 
Diagnotic I n, 
mpt,, ri, .I mpo%sibic rr% erse 
dri-* ing 
- Sal wa aR nmW 00 omit of wPPCr 9POCIficAtKm -Move w 
D. 2, L nknge 
- "lk$CA. N cbo& so 1 0" cQdc - ATF od cbeck 
Mack colour (abnorwAl) 
a U.. t : Reo er%t -to m Mes r (RSG) do mngt4L 
Thts p"+Icm occurs as a msuk of poor lubnestion 
I lvwýard %un gcar. , rc%cic un gcai 
Repair 
- Replace the planetary carrier assembly. 
- Replace the new D-ring in the piston. 
Check if the oil cooler is clogged. 
then replace it. 
Remark 
Engine power may not be transmitted in 
R range. 
%I- hamKol & Manufacturing Vnjtiýerinjt Dept %o% 2005 
No reverse 
Repair Pr(wedure IkINI odei : KNI I Diagnostic Tree 
s% mpt,. m Impossible re%er%e dri%ing 
Stall ust in R range stall ý out of upper specification. Move in D, 2. L range 
HI-SCAN check : no trouble code. - ATF oil check red colour (nomial) 
(a u%e : The O-rimg Itucated hcmven valve bodý and transmisskin case i% tie fecti%e or niksing. 
-. 41 Repair A 
Replace the O-ring on the valve body. 
Replace low and reverse brake discs 
is if it is damaged. -7 
11, ý 11, ý, .ý 11 1111.1 ,. -- ýJý I 2(X)5 
204 
r u, - crý, c 
Repair Pr--ttý Diagnostic I 
s%mptorn: luWassibier"erwdiritimt 
Stan sm mR runve Sliall out of uPPCr SPCCtfica"on- - Move in D, 2, L range 
tU-SCAN check so trouble code. - ATF oil check: black colour (abnormal) 
( -, T hr c%eck ban in the fivo cbAch ptsion dor%n't accuratclý. 
Repair 
- Replace the front clutch piston. 
- Replace the new D-ring. 
Remark 
- Front clutch operating pressure is leaket 
due to check ball sticking because ofotht 
material. 
24005 "1d, 
I 
No re-A v r,, e 
f,, III )ISgnostic I me 
%ýmptorn. Imsm"ible"-%trwilrisima 
Stall test mR ranpe stall ý out of uPper sPecificat-n. - 
Move in D, 2. L range 
tascAN check no tiroub4c code. - ATF oil check: black colour (abnomial) 
Aite lo%% or wparatms plate jet in the %akc tkidý % clor I! ed due to other foreign materials. 
Repair 
Replace the lower separating plate jet. 
Repair valve body. 
Replace the low and reveirse brake disc 
if damaged. 
0 
I 
& I)epl 
ternark 
Low and reverse brake is bumt becausc 
4-R control valve is not made up 
Verating pressure due to clogging of the 
: )wer sepamting plate jet. 
No, DMI5 "Id, 
205 
k ", \, %1^ hn, tm al A %tanufaclunnit F nZimerina 
Dept 
TD, 
--,, -I 
Symp"n. JeWe"ibie rrterw drT%mg 
Stall vest in R rw4ic sUB out of upper SPOCII&XIM - MoNv in D, 2, L range 
HI-SCAN '' no tivubie code - ATF oil check ý black colour (abnormal) 
CSgi,,: ille wave spring in the suppm is brokm low and re-mrse brake discs is burnt. 
Repair 
- Replace the center support. 
Replace the low and rcverse brake piston. 
Replace the wave spring 
0- Replace the D-nng. 
0 OW Replace the low and reverse brake discs. 
Replace the planetary carrier assembly 
if damaged. 
Remark 
'. 
eAA 
- Iýe sure that the wave spring is not out of 
the position when assembling. 
hA %I --f., I,. i Lln- I 
. whbe us% 
. 777 No re-, erse 
Rcliall Pf "t dill kI %Iodcý KNI 17, 
T7 777 7 71f, Diagnosfic Tree 
,, %nilit. mi Impossible reverse driving 
Stall test mR range stall out of upper specification- - Move in D, 2, L range 
III-%CAN check no ftmble code. - ATT oil check : black colour (abnormal) 
ktp. iir l'i- Symp"n. Inipp"ibie rrterw drT%mg 
Stall vest in R rw4ic sall out of upper SPOCII&XIM - MoNv in D, 2, L range 
HI-SCAN '' no tivubie code - ATF oil check ý black colour (abnormal) 
CSgi,,: ille wave spring in the suppm is brokm low and re-mrse brake discs is burnt. 
Repair 
- Replace the center support. 
Replace the low and rcverse brake piston. 
go 
Replace the wave spring 
- Replace the D-nng. 
Replace the low and reverse brake discs. 
Replace the planetary carrier assembly 
e 
if damaged. 
A Remark 
'. A - Iýe sure that the wave spring is not out of 
the position when assembling. 
4 i-e : Me tbrust vo-asber wbich is astalled between oil pump and front clutch retainer Aorn or missed. 
Repair 
Replace the oil pump assembly. 
Replace the front clutch assembly. 
0 Replace the D-ring. 
hi 
I 
ff Replace the ftont clutch discs and platc- L, 
k, 
44- Replace the new thrust washer. a3w, r Remark 
ront clutch is burnt because front clutc 
operating pressure drop in due to 
misalignment thrust washer is worn or 
missed. 
"0,2005 "Ildc 
206 
No reverýc 
ý\177-7 
Diagno! 
Symptom 
Stall test aR range stall out of upper specification. - Move in D, 2, L range 
NJ-SCAN cba* DTC 0 52 ATIF oil check : black coiour (abnormal) 
Repair 
Replace the kick down drum. 
Remark 
- Fngine power may not be transmitted 
re%ersc sun gear because the kick down 
drum spline is broken. 
IhI..... f 1'. "VIE I "r., 2005 
Dow amot RPM MrwIW 1.0 tAw Of tod I-A 
Ek-ctncal fkult 
('bmk the cad Procedure 
chda pack 
P-M-at- 
Mock 6c EVAP Pfocedwe 
Mid ram a* me 
No Soap rime Pmeedwe 
momer brolm 
C, 
leg 
Pmoodure 
IAN atud &A& 
Pý PICOWN 
%min %, -r %lechanKal & lilanufactunng t nXineeriog Dept No% 2O(K SIKIe 4ý 
207 
4th (-jCfjr iMpOSS ible 
R( 11.41r Pr-K ctitirc 
I\I \Imicl K\I I -C RHerrw, W2 
I Dino 
MI-O., M [maim RIPM M. rp- - ddeah wbile dr*wimg about 40 - '%Okm/b 
TnmsavJc drop out o(overdnve and mw neutral 
Over dnve sw d hu no problem 
A u%c I he rod clutch pi%few D, -riax in danuite& 
cý,! Jutch prr%ujrc has causW clutch pack to sItp and bum 
Repair 
Replace die D-mg, 
Replace the end clutch discs and plates. 
-vt . 3, rI 
Chock the end clutch pressure with a 
, -sure gage. 
If improper end clutch pressure is 
ccurred, disassemble the end clutch and 
ý, eck the D-ring of the piston. Seal-ring- 
oil-seat ofthe retainer 
-- ,I, 
%1,, .1AI Dept "o, 24MOS "IkIC 40 
41h (year impo-ýsihle 
N chicle : %(IIIAI. 4 %I %lixiel : k%1 1-5 Diagnostic I me 
mWeaws: Fsekw RPM my increase sw6kal) wlide dri, ý ing about 40 - '; OknVb 
TnovisWe dmqp out of overtinve and trito neutral. 
Over drive wach has no probim 
suipie 71be 98 semi iisfeed clutch retaiwer dasivaged. 
Lcas o(awl ckfth PrImuiie bw catuied clutch pack to shp and bum 
Repaii 
I 
%Iwb"wal & %lamufactunng Unitincerinx Oqii 0S 
ý -- 
-. 40, 
lu 
: 
... 
" -. I 
Replace the D-nng 
Replace the end clutch discs and plates. 
Remark 
- Check the end clutch pressure with a 
pressure gmige. 
- If unproper end clutch pressure 
occuffed, disassemble the end clutch and 
check the D-ring of the piston, Seal-ring, 
208 
th 
Durgnostic Five -44 
s, mptom: JF. aWw RP%1 vowy iecrew suddesh %bile dri, *ialt about 40 -'-%OktWb 
Truiuaxle drop out of ovee di ve wid into neunal 
Over drive svitch has no Problim 
ause The seal riog of end clault retainer brokew 
Lcas orend cksch piaw= has -wed clutch pack to slip wid bum 
Repair 
Replace the D-rmg. 
Replace the seal-ring 
Replace the end clutch assernbi-, 
Replace the end clutch discs and plates. 
if it is damaged. 
Zernark 
Check the end clutch pressure with a 
, -ressure gage. 
If improper end clutch pressure 
ccurred. disassemble the end clutch and 
check the D-ring of the piston, Seal-ring, 
oil-seal of the retainer. 
... .... 200. ', hdc 4S 
41h (gcar iml)(), ilife 
Rý 1, ý-I', t ý1; 11 C 
I\I \1-10 ý\ N1 
1 1 Durignostic Free 
. 44 
, ý, mptom: JF. aWw RP%1 vowy imcrew suddesh %bile dri%iolt about 40 -'-%Okmfb 
- Trinuaxle dropout of ovedi ve wid into neutral 
- Over drive svitch bw no problim 
ause The seal riog of end clutch retainer brokew 
Lcas orend cksch prowure has mined clutch pack to slip wid bum 
Repair 
Rrplace the 13-rmg. 
Replace the seal-ring 
Replace the end clutch assembi-, 
Replace the end clutch discs and plates. 
if it is damaged. 
Zernark 
Check the end clutch pressure with a 
, -ressure gage. 
If improper end clutch pressure 
ccurred. disassemble the end clutch and 
check the D-ring of the piston, Seal-ring, 
oil-seal of the retainer. 
s% ", Ixorn. I. egime RI? %l saw) imeresse s-", ly wbile drivieg about 40 -150knvh 
Tnoualde drop out o(overdnve and into neural 
Over drive simich has no problem 
nr of return %prutit broken. 
-, ý, renure has caused clutch pack to shp and bum 
Repair 
Replace the D-ring. 
Replace the end clutch discs and plates. 
Replace the end clutch assembly 
Replace the end clutch discs and plates. 
if it is damaged. 
The end clutch snap ring may be 
separated firom the end clutch retainer, 
discs & plates can not be engaged by the 
piston operation. 
Then engine power is not transmitted t, 
%-" \,,, %I*CkMMKIJ %tanufactunnit Ynaineenng Dept "o, 21X)5 Yide 49 
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lie' Mal 
%, rnptým F-gVeq kr%j gaao increaw suddeah while dri%ing about 40 -%Okm/b 
Tnowde drop ots of ovenh vc and into neutnd 
OrvW drTvC Switch hm no P-bWM 
( no" : The sanip not of cad clutch rrtaswer broken 
. I- - -- - ýich pregme has cound clutch pack- to slip and bum 
Replace the D-ring 
Replace the end clutch d iscs and plates. 
Replace the end clutch assembly 
Replace the end clutch discs and plates. 
if it is damaged. 
Remark 
- I'lie end clutch snap ring may be 
separated from the end clutch retainer, 
discs & plates can not be engaged by the 
piston operation. 
- Tben engine power is not transmitted to 
the wheel through the automatic transaxle. 
".., DHIý 
Ith gear impossible 
Ntp. 1ir PI-71,11-11-7 %I NI-1,1 KNII-1, III -v .4 late. - slippift occvr w6de drim, img about 40 - '%OktWb 
Trirmxk drop out o(ovadi ve and mto neutral 
ova drwe wtch twu no pmbkm 
Au%, r I hf 14- k 1111w M vnd % lult h 4111 I%Aý"zr r% pu%hed too far into the %she hod-.. 
i,.,, k io lip and hum 
poir 
-ýL-place the D-ring. 
Replace the seaking 
Replace the end clutch assembly 
Replace the end clutch discs and plates- 
it it is damagW. 
N 1.1 1. A 'ý i 'ý IIý- Ol ,: NO, ZW5 *, I,, I, ýI 
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, ý., 11 ý .11! ,-.. 
:.. ýý, II -x Dýpl 
Appendix G 
Diagnostic Service Tool (DST) User Guide 
I hi, I -, cr (IL]IJC pro%idcs guidchncN to the operations of the Diagnostic Service Tool 
protoope %ofl, %are. If nc% diagnostic tree is to be created or updated, it will go through 
a series of step-. bef(mr the DST can be generated. 
B. I Opening DST main Windows 
I rorn the main %%indo%% tit' F\IFA -DINFA soft, %Nare, click "Diagnostic Tool" on the 
Left Menu. The DST main %% indo%% %%ill appear (B. I). 
1: igure B. I Main Window 
B. 2 Cresting Diagnostic T(x+% based on symptoms 
On the left menu of DS F tlorrn. Click the second button named -Diagnostic Tree 
Tool%-. 1-he right t. rame %%ill shov. the Diagnostic Tree Tools form as shown in figure 
13.2. 
211 
Wekxxne to Diagnostic Tree Tools 
- .0 '000 -a gl" vm bo aeake dawccw ow 
or 
EdR Existhm sywq"ns 
a: TOW blm 
Figure B. 2 Diagnostic Tree Tools Fonn 
The Diagnostic Scr-. icc Toools (DST) diagnoses parts failure based on Symptoms 
%ht)%%n hý the failed part. Thc foliowing must be completed before creating Diagnostic 
Free : 
I) Tbc, %c parts must have been registered in the FMEA/ DFMEA Software. 
2) 1-he parts then defined as a functional unit in Model Building Tools where the 
part*% function. sutýjcct it aftected, and desLription is described. 
3) Then. using the Cause & Effect Chain Building Tool in model building of 
F%11: A DIAIFA %oft,, %arc, the symptoms of part failure is defined. 
When all the abo-, c steps has completed. click -Start" button to initiate diagnostic 
creation and SpccifN Problems Details form will appear ( figure B. 3). 
212 
Specify Problem Details 
z4"C' 
I 
ývý*N 5, eyK1 
; .. m 5.0, G4M 
ei, pe min mr«m unem 
Back Next 
v. Low *-. TmW bvm 
Figure B. 3 Spccifý Problems Details Form 
*%cr %%ill haN c to %pcciýN pm)blcms details of the failed part. These includes, 
a. M(ACI 
h. ()hjcct Pam (parts name) 
C. Subject (other object, parts related or effected with the part function), 
d. 1: ffcct of the fai lure and final 1), 
C. %lain symptoms of the failure 
All the itcms in the drof do%%n combo box are automatically listed according to the 
combination ol'thc prt+lcm detaik These combination, are fetched from the FMEA/ 
DFMI N datahaw as a re-Ailt frtmn the Cause & Effect Chain Building Tools run earlier. 
flicn Click -Ncxt- Buttoin to prixecd. 
In this section (figure 13.4), user can create questions that will lead to a specific cause 
of parts failure. Thec-sc questionnaires should elaborate the failure symptoms in more 
detail bccau%c different cause of parts failure can create similar problem symptoms. So, 
%hen creating the diaýAtic questions, user should first list down all possible causes of 
213 
failure for a particular symptom. Then. define the characteristic of the different causes 
to create the questions chain. 
Create Diagnostic Quesbons 
yes No 
"r" Qw"bon E-dit QuesWn 
I 
Back Rnish 
LOW TOW bwsl 4: 06 PM 
Figure B-4 New Questions Form 
Next Click -Nc%% Question" to create question. A ýQuestion Builder" form will be 
display (figure 13.5). 
214 
Question ID Rrst / Prmne Question 7 
I- Yes llý No 
r-- 
-Yolg, 
PA"or Procedure F Repair Procedure 
-1 
1-- 
I Wure 11. ý; Question Builder Form 
Question 11) is neccssar-N for question linking. User can specify any ID but unique to 
the question. Select **)cs*' on the radio button if this is your first question for this 
particular %-, mptoms. *()rdcrs** are instruction to be carried by user before asking the 
specified question. For example, 
()rdcN- : "Check AlFOil Color- 
Question : **IX)e% ATF color look Normal? " 
For each question, there %%ill he mo answers. -Yes" and -No". Both answer, can be 
linked to other question. or simpl,, ended as the -End- of the question tree. If "End 
I ree- is selected. an input for recommended action will appear so that, user can give 
suggestions or procedures for the action on particular failure symptoms. More than 
that. user can c%en link the end result to a -repair procedure- by selecting the "Repair 
procedure- check box and %electing the appropriate repair procedure. These repair 
procedure can be created in the -Repair Infonnation- section which will be explain 
later. If "Next Question- is selected for "Yes" or "No" answer, user will have to select 
the next que-, tion from the comK) box listing. Finally, click -Save- button to save the 
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created question. If the next question is still not created. user will not find them in the 
combo Nix list. In this case. user %ill ha%e to save current question, exit the question 
builder. click on *'Ne%% Question" as in figure B. 4 and repeat the question building for 
the next question. "en. user can get back to the previous question by selecting it in the 
question bank listing and click on the **Edit Question" button. The "Question Builder" 
form %%I II be shown again. From there. user can choose the next question to be I inked. 
For best practicc. it 1% advisable for user to create all questions before linking it to each 
other. Ris %%a%. user can We better look on the logical path of each question. The 
follo% ing arc an example of diagntrtic logic tree (figure B. 6) and questions created. 
Dm AIT ol colm Tc sprm so Repim 
wmd? brokm - 0. Tfwsmission 
ý es 
T 
(lad Od 
pmp*m 
pff 
)m 
) es 
Replace Input Procedure 
"ft 
Figure 11.6 Diagnostic Logic Tree 
Ba%ed on the reference diagnostic logic tree (figure B. 6), the following examples are 
the list of created quc,., Aions (figure B. 7) that are entered in the Create Diagnostic 
Que-stion Form. 
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gwomp ftm 
i, 
aw 
Yes NO 
-, e3 A'F aity Nonnd 003 Q02 
J, act , IC ým ts TýC Lm Bmkw End End Dmi 01 %m Daw Gm Dm Pum Dwvw Go& QOA Q04 
a"a 4d" %a" ts Pommos Germaied End End 
Qu"bm 
Back 
J 
Finish 
'Ota bVS: 2.15 AM 
Vigurc B. 7 I. ist of Created Questions Examples 
\k'hcn all the quc-41tmis and linkage are completed. simply click the "Finish" button to 
complete the Diagwstic Trcc Tool. 
H. 3 Cresting Repair Prix-edure 
I- n)m the 101 menu ol* thagnostic FNIFA. click the -Repair Infon-nation" button. List of 
repair prtx: cdure %ill appear as shown in figure B. 8. 
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Repair Informations 
i 
ID Procedure Model No 
I torque converter repair KM175 
2 oil pump repair KM175 
3 Clutch Disk repair KM175 
4 Rear clutch pressure check bok repat KH175 
5 Repair valve Body KM175 
6 Seal ring (input shak tapron type) wom repair KM175 
7 01 pan repair KM 175 
8 One way dutch (OWC) repair KM175 
9 Forward sun gear (FSG) repair KM175 
10 Input Shaft Assembly KM175 
11 Reverse sun gear (RSG) repair 04175 
12 ATF oil seal cap repair KM175 
13 The check ball repair KM175 
14 The lower separating plate jet repair KM175 
15 The wave spring repair KM175 
16 The thrust washer repair KM175 
17 The end clutch piston D--ring repair KM175 
18 The oil seal of end clutch retaner repair KM175 
19 Týe seal rg of end clutch retainer repair KM175 
New Procedure 
Lrw it: 2: 23 AM 
I 
Figure B. 8 Repair Informations 
Then Click on "New Procedure" and a blank new procedure creation form will appear 
(figure B-9). 
Procedure ID 
10 
Procedure Mornie 
II 
wOodel 
I 
cause 
II 
Add Image 
Symptoms 
"pair 
pi 
9 
I 
Figure B. 9 New Procedure Creation Form 
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Enter a unique procedure ID for reference, Procedure Name, Model for commercial 
model number of the components (if available) and Cause that has lead to the repair 
procedure. 
To add image (component image or procedure image), click on the "Add Image" 
button and browse for the image file. User can specify problem symptoms on the 
-Symptoms- field. Details on repair procedure can be described in the "Repair" field. 
Finally, the -Remark- field is for additional information on the repair procedure. Save 
the created repair procedure by clicking "save" menu on the "Main" menu. 
To edit a repair procedure, select the procedure from the list. Then click "Edit" on the 
"Main" menu. The procedure edit form will appear similar to the repair procedure 
registration form. Modify the changes and click "Save" on the "Main" menu. 
B. 4 Using Diagnostic Service Tool 
From the left menu of Diagnostic FMEA form, click on the "Diagnostic Service Tool" 
button. The main page for DST wi II appear (figure B. 10). 
Welcome to the Diagnostic Service Tools 
The toois A qmde you to diagnose you Object Components 
7-1 
I 
i 
Or 
.......... ..... . ....... -- ....... . .... ..... ....... 
Part Mocw SYMOOM A 
Torque Converter Ttansmism System No forward and reverse gas 
Rear Clutch TiantrwwrSystem, No lcxw&d gea; 
End Clutch Transmision System No 4th geat 
Low/Revetse Brake I ranvrAvm System No Reverts Gear 
1 Lne s: Total hms: 3: 26 AM 
Figure B. 10 Diagnostic Service Tools Main Page 
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User can either start the diagnostic manually by clicking "Start Diagnose" button, or 
automatically by selecting existing symptom from the list. By clicking "Start 
Diagnose" button. user will be able to specify the problem symptoms and parts 
manually on the Problem Symptoms Form (figure B. 1 1). 
Specify Your Problem Symptoms 
iýp 
i 
Select C*)ed Pwt5 
Specify S*ect 
Backj Next 
Please Specify Effect 
Please Specify Problem's Symptom 
11 
-1- 
Urie v: Total hries: 
Figure B. 1 I Problem Symptoms Form 
Similar to the Diagnostic Tree Creation, user will have to specify problems details of 
the failed part. These includes, 
a. Model 
b. Object Parts (parts name) 
c. Subject (other object/ parts related or effected with the part function), 
d. Effect of the failure and finally 
e. Main symptoms of the failure 
All the items in the drop down combo box are automatically listed according to the 
combination of the problem details. These combination, are fetched from the FMEA/ 
DFMEA database as a result from the Cause & Effect Chain Building Tools run earlier. 
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Click "Next" Button to proceed. If the diagnostic tree for the specified combination of 
parts and symptom exist in the database, user will be directed to the first question of 
the diagnostic tree (figure B. 12). 
On the other hand, user can also get to the first question by selecting existing 
symptoms from the list in figure B. 10. This way, user can save times by selecting the 
available diagnose tree from the database. 
ror "ev. ýý ess ýI 
Analyse the Problems 
Check the following 
ICheck ATF Oil 
AnqAW the fbNowlng quesbon 
Does ATF oil color normal? 
yes - 6ý 
Back Ne)d 
3: Total lefes: 
Figure B. 12 Diagnostic Tree Question from Database 
Answer the question by selecting "Yes" or "No" radio button and click "Next". User 
will be routed to the next related question, based on the answer. This will be repeated 
until the end of the question tree is reached. The system will suggest recommended 
action as a result from the diagnosis as shown in figure B. 13. User can also refer to the 
repair procedure of the recommended action by clicking the "Repair Procedure" (figure 
B. 14) button if available. 
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Fa 
Fl 
Recomended Action 
Repair valve Body 
Repair Procedure 
Lm *: ToW býs: 
Figure B. 13 Recommended Action Form 
Finally, click "Finish" button to exit the Diagnostic Service Tool. User can also get 
back to previous question to try for different answer by clicking "Back" button. 
Procedure M 
FI 
Procedure Narvie 
I Repair VWve Body 
model 
IKMI75 
Rear clutch : pp4ed pressure is not 
supphed du to stx-kinQ of the rear 
clutch exhaust va0ve in the 
valýve botly. 
Change Image 
srnptDms 
ible forward drMrvg r-Stall'Iest 
in D, 2, L range stall : out of upper specification. 
HI-SCAN Check : no trouble code. 
rne va" oocry. 0 necessary, vwpiace uie vaive Dooy. 
dutch exhaust valve is not normally returned due to cnip arter operaung. 
Figure B. 14 Repair Procedure 
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Appendix H 
Stage I Evaluation Theory Questions 
AUTOMOTIVE TRANSMISSION CENTRE 
UNIKL- MFI KUALA LUMPUR 
Name: Level: 
Automatic Transmission Skills Check 1 Stage 1A (Manuals) 
Question 
Four KM series automatic transmission cars were reported to have different 
types of problem. When connected to the diagnostic tools (MUT1 1) there was 
no trouble code shown. The problems found are as follows: 
a. automatic transmission 1- no forward and reverse gear 
b. automatic transmission 2- no forward gear 
c. automatic transmission 3- no reverse gear 
d. automatic transmission 4- no fourth gear 
From the provided KM series service and repair manuals: 
1. Determine the possible causes of each of the transmission. 
2. Draw your troubleshooting procedure process to examine the 
problem. 
3. Explain briefly the required action to rectify, repair or replace any 
faulty parts and components. 
Note: Discussions are not al/owed. You can only refer to the given manuals and 
based on your workshop practical experience. 
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AUTOMOTIVE TRANSMISSION CENTRE 
UNIKL- MFI KUALA LUMPUR 
Name Level: 
Automatic Transmission Skill Check 1 Stage 1B (Diagnostic-Service Tool) 
Question 
Four KM series automatic transmission cars were reported to have different 
types of problems. When connected to the diagnostic tools (MUT1 1) there was 
no trouble code shown. The problems found are as follows: 
a. automatic transmission 1- no forward and reverse gear 
b. automatic transmission 2- no forward gear 
c. automatic transmission 3- no reverse gear 
d. automatic transmission 4- no fourth gear 
By using the Diagnostic Service Tool (DST) software provided on your 
computer workstation: 
1. Determine the possible causes of each of the transmission. 
2. Analyse each of the possible part failure and causes. 
3. Determine the correct recommended action and repair procedure to 
rectify, repair or replace any faulty parts and components. 
Note: Discussions are not allowed. You can only refer to the DST and 
based on your workshop practical experience. 
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Appendix I 
Stage 2 Evaluation Practical Questions 
AUTOMOTIVE TRANSMISSION CENTRE 
UNIKL- MFI KUALA LUMPUR 
Name : Level: 
Starting and Completion Time: Date: 
DIAGNOSE AND REPAIR INSTRUCTIONS - (Manuals) 
Case 1: No Forward and Reverse gear 
You are given: 
1. a KM series 4 speed automatic transmission with a No Forward 
and Reverse gear problem. 
2. the required repair tools, KM series service and repair manuals. 
3. all types of KM series automatic transmission replacement parts. 
You are required to: 
1. diagnose the causes of the problem using the given repair manuals 
and documentation. 
2. dismantle the transmission and analyse the symptoms, 
3. repair or replace the affected parts correctly. 
4. assemble back the transmission according to the standard procedures. 
it is required that: 
You report to the trainerlexaminer the time taken to perform each of the 
required task. 
2. You diagnose the causes and explain the remedial action correctly. 
3. you follow all the workshop safety procedures and OSH regulations. 
4. you work on your own and referring to the repair manuals ONLY. 
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AUTOMOTIVE TRANSMISSION CENTRE 
UNIKL- MFI KUALA LUMPUR 
Name: Level: 
Starting and Completion Time: Date: 
DIAGNOSE AND-REPAIR INSTRUCTIONS - (Manuals) 
Case 2: No Forward qea 
You are given: 
a KM series 4 speed automatic transmission with a No Forward 
gear problem. 
2. the required repair tools, service and repair manuals. 
3. all types of KM series automatic transmission replacement parts. 
You are required to: 
1. determine the causes of the problem using the given manuals. 
2. dismantle the transmission and analyse, the symptoms. 
3. repair or replace the affected parts correctly. 
4. assemble back the transmission with the correct procedures. 
It is required that: 
You report to the trainer/examiner the time taken to perform each of the 
required task. 
2. You diagnose the causes and explain the remedial action correctly. 
3. you follow all the workshop safety procedures and OSH regulations. 
4. you work on your own and referring to the repair manuals ONLY. 
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AUTOMOTIVE TRANSMISSION CENTRE 
UNIKL- MFI KUALA LUMPUR 
Name: 
Starting and Completion Time: 
Level: 
Date: 
DIAGNOSE AND REPAIR INSTRUCTIONS - (Manuals) 
Case 3: No Reverse qea 
You are given: 
1. a KM series 4 speed automatic transmission with a No Reverse 
gear problem. 
2. the required repair tools, service and repair manuals. 
3. all types of KM series automatic transmission replacement parts. 
You are required to: 
1. determine the causes of the problem using the given manuals. 
2. dismantle the transmission and analyse the symptoms. 
3. repair or replace the affected parts correctly. 
4. assemble back the transmission with the correct procedures. 
It is required that: 
1. You report to the trainer/examiner the time taken to perform each of the 
required task. 
2. You diagnose the causes and explain the remedial action correctly. 
3. you follow all the workshop safety procedures and OSH regulations. 
4. you work on your own and referring to the repair manuals ONLY. 
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AUTOMOTIVE TRANSMISSION CENTRE 
UNIKL- MFI KUALA LUMPUR 
Name: Level: 
Starting and Completion Time: Date: 
DIAGNOSE AND REPAIR INSTRUCTIONS - (Manuals) 
Case 4: No 4th qear 
You are given: 
1. a KM series 4 speed automatic transmission with a No Fourth 
gear problem. 
2. the required repair tools, service and repair manuals. 
3. all types of KM series automatic transmission replacement parts. 
You are required to: 
1. determine the causes of the problem using the given manuals. 
2. dismantle the transmission and analyse the symptoms. 
3. repair or replace the affected parts correctly. 
4. assemble back the transmission with the correct procedures. 
It is required that: 
1. You report to the trainer/examiner the time taken to perform each of the 
required task. 
2. You diagnose the causes and explain the remedial action correctly. 
3. you follow all the workshop safety procedures and OSH regulations. 
4. you work on your own and referring to the repair manuals ONLY. 
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AUTOMOTIVE TRANSMISSION CENTRE 
UNIKL- MFI KUALA LUMPUR 
Name: Level: 
Starting and Completion Time: Date: 
DIAGNOSE AND REPAIR INSTRUCTIONS - (DST) 
Case 1: No Forward and Reverse gea 
You are given: 
1. a KM series 4 speed automatic transmission with a No Forward 
and Reverse gear problem. 
2. the required automatic transmission repair tools. 
3. workshop computer laptop with Diagnostic Service Tool (DST) 
software. 
4. all types of KM series automatic transmission replacement parts. 
You are required to: 
1. diagnose the causes of the problem using the DST. 
2. dismantle the transmission and analyse the symptoms. 
3. repair or replace the affected parts correctly. 
4. assemble back the transmission with the standard procedures. 
it Is required that: 
1. You report to the trai ne r/exa miner the time taken to perform each of the 
required task. 
2. You diagnose the causes and explain the remedial action correctly. 
3. you follow all the workshop safety procedures and OSH regulations. 
4. you work on your own and referring to the DST ONLY. 
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AUTOMOTIVE TRANSMISSION CENTRE 
UNIKL- MFI KUALA LUMPUR 
Name: 
Starting Time: Completion Time: 
DIAGNOSE AND REPAIR INSTRUCTIONS - (DST) 
Case 2: No Forward gea 
You are given: 
1. a KM series 4 speed automatic transmission with a No Forward 
gear problem. 
2. the required automatic transmission repair tools. 
3. workshop computer laptop with Diagnostic Service Too] (DST) software. 
4. all types of KM series automatic transmission replacement parts. 
You are required to: 
1. diagnose the causes of the problem using the DST. 
2. dismantle the transmission and analyse the symptoms. 
3. repair or replace the affected parts correctly. 
4. assemble back the transmission with the standard procedures. 
It is required that: 
1. You report to the trainer/examiner the time taken to perform each of the 
required task. 
2. You diagnose the causes and explain the remedial action correctly. 
3. you follow all the workshop safety procedures and OSH regulations. 
4. you work on your own and referring to the DST ON, LY. 
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AUTOMOTIVE TRANSMISSION CENTRE 
UNIKL- MFI KUALA LUMPUR 
Name: 
Starting Time: Completion Time: 
DIAGNOSE AND REPAIR INSTRUCTIONS - (DST) 
Case 3: No Reverse 
-qea 
You are given: 
a KM series 4 speed automatic transmission with a No Reverse 
gear problem. 
2. the required automatic transmission repair tools. 
3. workshop computer laptop with Diagnostic Service Tool (DST) software. 
4. all types of KM series automatic transmission replacement parts. 
You are required to: 
1. diagnose the causes of the problem using the DST. 
2. dismantle the transmission and analyse the symptoms. 
3. repair or replace the affected parts correctly. 
4. assemble back the transmission with the standard procedures. 
It is required that: 
1. You report to the trainer/examiner the time taken to perform each of the 
required task. 
2. You diagnose the causes and explain the remedial action correctly. 
3. you follow all the workshop safety procedures and OSH regulations. 
4. you work on your own and referring to the DST ONLY. 
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AUTOMOTIVE TRANSMISSION CENTRE 
UNIKL- MFI KUALA LUMPUR 
Name: 
Starting Time: Completion Time: 
DIAGNOSE AND REPAIR INSTRUCTIONS - (DST) 
Case 4: No 4th qear 
You are given: 
1. a KM series 4 speed automatic transmission with a No Fourth 
gear problem. 
2. the required automatic transmission repair tools. 
3. workshop computer laptop with Diagnostic Service Tool (DST) software. 
4. all types of KM series automatic transmission replacement parts. 
You are required to: 
1. diagnose the causes of the problem using the DST. 
2. dismantle the transmission and analyse the symptoms. 
3. repair or replace the affected parts correctly. 
4. assemble back the transmission with the standard procedures. 
it Is required that: 
1. You report to the trainerlexaminer the time taken to perform each of the 
required task. 
2. You diagnose the causes and explain the remedial action correctly. 
3. you follow all the workshop safety procedures and OSH regulations. 
4. you work on your own and referring to the DST ON, LY. 
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Appendix J 
Evaluation Results 
1.1 Stage I Results (Hit Rate) 
No Manual DST No Manual DST 
1 25 75 
- 
1 75 100 
2 50 156 2 50 75 
3 25 too 3 50 75 
4- T-25 75 4 75 too 
25 75 5 50 too 
6 75 6 50 too 
7 25 75 7 50 too 
8 25 75 8 75 100 
9 25 75 9 75 100 
10 25 75 10 50 75 
II 11 75 100 
12 25 75 12 50 75 
13 25 75 131 75 100 
14 25 75 14 50 100 
15 25 75 15 75 75 
16 25 75 16 50 too 
17 25 75 17 75 100 
18 50 100 18 50 100 
19 -)5 75 19 50 100 
20 25 75 Average 60.5 93.4 
2 1-- 
t 
50 too 
ýA-v-er-age_ r29.8 81.0 
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1.2a Total time taken to complete the task (mins. ) 
T, 
i 
Level 
No Fomard & 
Reverse No Forward No Reverse No Fourth 
Manual DST Manual DST Manual DST Manual DST 
95 77 92 75 92 7 33 85 66 
88 70 85 67 83 63 80 60 
1 98 83 96 78 92 75 88 68 
85 72 83 68 82 64 80 62 
83 66 82 63 80 63 78 60 
92 75 90 72 88 70 85 64 
Averagel 90.2 738 88.0 70.5 86.2 68.0 82.7 63.3 
72 62 70 59 68 56 65 52 
-3 
- 
62 51 62 50 60 49 
55 2 64 62 50 60 48 60 47 
62 52 60 50 60 49 59 48 
60 52 62 52 60 50 58 48 
65 55 63 53 62 52 60 50 
Average 64.3 63.2 52.5 62.0 50.8 60.3 49.0 
48 44 46 41 45 40 44 38 
50 45 48 4 33 48 42 46 39 
3 43 40 42 38 42 
' 
36 4-2 35 
45 41 4 3) 38 42 37 42 37 
48 44 46 47 43 4-5 40 
i 50 46 50 45 48 42 48 42 
Avenkge 47.3 43-3 45.8 
1 
41.2 45.3 40.0 44.5 38-5 
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1.2h A,. erage Time and Standard Deviation 
Le, % el 1 
Casc Manual DST 
Average Std Deviation Average Std Deviation 
1 90.17 5.85 73.83 5.91 
2 88-00 5.55 70.05 5.54 
3 86.17 5.23 68.00 5.37 
4 11.88 63.33 
- 
3.27 
AvWW 6816 
j 5.02 
Lv. el 2 
Lo el 3 
Case Manual DST 
Average Std Deviation Average eviation 
1 47.33 2.81 43.33 2.34 
2 45.83 1.99 41.17 2.79 
3 
4 
45.33 
44.50 
2.8 1 
2.31 ý5 
40.00 
48.50 
2.90 
2.43 
1.2c A%eragc'l'ime and Standard Deviation for all Levels 
Level Manual DST 
Average Stcl Deviation Average Stcl Deviation 
. 75 5.13 68.80 5.02 
3.28 51.79 2.95 
2.74 43.25 2.61 
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Task Breakdown Time (mins. ) 
1-3a Ca%c 1: No Forward and Reverse Gear 
LEVEL DIAGNOSE DISMANTLE REPAIR ASSEMBLE 
Manual DST Manual DST Manual DST Manual DST 
20 7 23 15 14 35 35 
20 6 23 23 15 12 29 
1 21 8 25 25 16 15 36 35 
18 6 23 23 15 13 30 30 
18 21 20 15 13 29 27 
20 25 23 15 13 32 33 
Avemge 19.5 6-5 23.7 22.8 15.2 13.3 32.0 31.5 
15 5 20 20 14 14 23 23 
12 5 18 17 12 10 21 21 
2 11 5 2 19 11 10 22 21 
11 4 18 17 11 10 22 21 
11 5 18 17 11 10 20 20 
13 5 18 18 1 12 10 22 22 
12.3 4.8 19 18 11.8 10.7 21.7 21.3 
8i 15 14 8 8 17 17 
8 5 16 15 9 8 17 17 
6 5 15 14 6 5 16 16 
6 5 16 15- 6 5 17 16 
8 6 15 14- 9 8 16 16 
86 16 15 9 8 17 17 
A verage 7.3 5.3 15.5 14. ýý. 8 -7 --Iý-. 7 --1-6.5 
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1-3b Caw 2: No Fom-skrd Gear 
LEVEL DIAG OSE i DISMANTLE REPAIR ASSEMBLE 
Manual DST Manual DST DST Manual DST 
20 6 25 23 15 14 32 32 
18 6 2" -)o 15 13 30 28 
20 7 26 24 15 14 35 33 
18 7 21 20 15 
L 
13 29 28 
18 6 20 18 15 13 29 26 
19 6 25 22 15 1 13 31 31 
Averap 18.8 63 23.2 21.2 
_15-O 
T13.3 31.0 29.7 
20 -F3- 13 3 2" 21 
11 4 18 
- 
17 
- 
11 10 22 20 
2 11 4 18 1 7 12 10 21 19 
11 4 18 17 11 10 20 19- 
11 4 18 17 11 10 22 21 
12 5 18 17 11) 2 10 21 21 
Avemge_ 11.8_ t__4.3_ t 18.3 17.5 11 .7 10.5 21.3 20.2 
16 ji 6 5 17 16 
8 5 15 14 9- -9 1-6 15 
3 4 15 14 6 5 1-6 1-5 
6 4 15 14 6 
- 
-5 16- 1-5 
6 5 16 
- 
16 6 
_ 
-5 1-8 1-6 
85 
kv 
1 6 15 
-- 15.5 14.7 
9 
7.0 
8 
6.2 
17 
--16-7 
-7 
17 
157 
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1.3c Case 3: No Reverse Gear 
LEVEL DIAGNOSE DISMANTLE REPAIR ASSEMBLE 
Manual DST Manual DST Manual DST Manual DST 
20 6 215 23 15 13 32 31 
20 6 20 18 14 12 29 27 
20 6 25 23 15 14 32 32 
19 5 20 18 14 13 29 28 
18 6 19 18 15 13 28 26 
20 6 23 23 15 1 30 29 
Average 22.0 20.5 14.7 12.8 30.0 28.8 
14 4 20 19 11 13 21 20 
11 4 18 17 11 10 22 19 
2 10 4 18 - 16 1 12 10 20 18 
4 18 16 1-1 to 20 19 
4 17 16- 11 10 21 20 
18 17 1-2 1-0 21 20 
Average j 4.2 11.3 ý18.2 16.! ri 1ý7ý 10.5 20.8 19.3 
7 
- 15 
- 
7 
- 
6 16 14 
7 5 15 14 9 -8 1-7 15 
3 5 4 is 13 -5 1-6 14 
5 4 15 13 6 
- 
-5 1-6 15 
7 16 16 7 -6 1-7 1-6 
7 15 15 15 
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1.3d Case 4: No Fourth Gear 
LEVEL DIAGNOSE DISMANTLE REPAIR ASSEMBLE 
Manual DST Manual DST Manual DST Manual DS 
- 18 5 22 20 15 13 30 28 
18 5 19 18 15 12 28 25 
1 20 5 23 22 15 12 30 29 
18 5 -)o 18 14 13 28 26 
17 5 20 17 14 13 27 25 
19 15 13 30 27 
Averagi 5.0 21.0 19.0 14.7 12.7 28.8 26.7 
13 4 18 17 10 22 21 
11 4 17 16 9 21 20 
11 4 18 15 9 20 19 
10 4 18 16 
- 
10 20 18 
10 4 1 1 6 10 20 18 
10 4 18 16 11 9 21 21 
Avemge 10.8 4.0 17.7 16 11.2 9.5 20.7 19.5 
6 15 14 7- -5 16 15 
7 4 16 15 6 5 17 15 
35 15 13 6 5 16 14 
54 
64 
15 
16 
13 
15 
6 
-6 
-5 
-5 
1-6 
- 17 
15 
16 
74 16 15 -8 16 15 
A vcmge 6.0 3.9 15.5 14.2 6.7 5.5 16.3 ---15.0 
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